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PARK RIVER LOCAL PROTECTION PROJECT
AUXILIARY CONDUIT TUNNEL
CONSTRUCTION FOUNDATION REPORT

1. LOCATION AND DESCRIPTION OF PROJECT

The Park River Local Protection Project is located in the City of
Hartford, Connecticut and initially consisted of sections of a twin-
rectangular reinforced concrete conduit buiit in 1944 to inclose the
lower 5,600 feet of Park River. Its purpose is to protect the low level
buflt-up area of the city from the Connecticut River backwater and from
floods caused by runoff from the Park River Basin. In 1968 the City of
Hartford through the Greater Hartford Flood Commission working with the
State of Connecticut, completed four additional sections of twin-rectan-
gular conduti in conjunction with the construction of Interstate Highway
84. The original Park River Conduit was desfgned for a discharge capacity
of 18,000 cfs. A restudy indicated that a qreater design storm flow than
oreviously used could occur due to additional development in the basin,
and could produce a project design flood of 30,000 cfs causing conditions
which would overtop river banks and headwalls resulting in serious flooding
of downtown Hartford. Completion of the open sections in the existing box
conduit system would permit pressuring the entire conduit system thereby
increasing the overall capacity.

Comoletion of the remaining four sections with a maximum capacity of
18,000 cfs would not provide project design flood protection for the City
of Hartford. Alternatives investigated indicated that a 22 foot diameter
auxiliary conduit would provide a high degree of flood protection in the
densely populated and developed urban areas.

This report discusses the foundation conditions as they relate to the
9,100 foot long auxiliary conduit tunnel shaped as an inverted siplion up
to 200 feet in depth below the city. The auxiliary tunnel is designed to
carry 5,400 cfs of the box conduit overflow, transmitting flood waters
from an upstream portion of the box conduit directly to the Connecticut
River thus reducing flood damages and losses in the headpool areas.

(See Plate 1)

2. CONSTRUCTION AUTHORITY

The Park River Local Protection Project was authorized by the Flood
Control Act of 1968, Public Law 9N-483 dated August 13, 1968 which reads
in part as follows:

"The project for flood protection on Park Rfver, Connecticut is
hereby authorized substantially in accordance with the recom-
mendation of the Chief of Engineers in Senate Document No. 43,
Ninetieth Congress, at an estimated cost of $30,000,000."




3. PURPOSE OF REPORT. The purpose of this report is to fulfill the
requirement of Reguiation ER 1110-1-1801 dated 14 January 1972 to pre-
pare an as-built foundation report for all major and unique construction
projects. The reason for preparing this report is to insure the pre-
servation for future use of complete records of foundation conditions
encountered during construction and of methods used to adapt structures
to these conditions.

The most common uses to which foundation reports are put are (1) in
determining the validity of claims made by construction contractors in
connection with difficulties arising from alleged foundation conditions
or from alleged changed conditions ?2) in planning additional foundation
treatment should the need arise after project completions, (3) in eval-
uating the cause of failure and in planning remedial action should failure
or partial failure of a structure occur as a result of foundation defi-
ciencies (4) for guidance in planning foundation explorations and in anti-
cipating foundation problems for future comparable construction projects
and (5) as part of the permanent collection of project engineering data
required by Appendix 1 to ER 1110-2-100.

4. LOCATION OF STRUCTURE. The intake structure is located (see Plate 1)
at the junction of box conduit sections 4, 5 and 7 and proceeds due east
beneath Park Street and other portions of the City of Hartford, terminating
at the westerly bank of the Connecticut River approximately 1,000 feet
downstream of the box conduit confluence with the Connecticut River. The
intake structure is located at coordinates N 148,803.936, E 162,998.896
proceeding on a 5,000 foot curve to the east until it intersects Park Street
where upon it proceeds due east terminating at the outlet structure located
at coordinates N 148,368.647, E 172,024,122, The tunnel was designed with
an invert design grade of - 95.07 MSL at the intake sloping downgrade at
0.5778% to an invert elevation of -147.36 at the outlet portal. Location
plan and as built tunnel configuration is shown on Plate 1.

5. CONTRACTS AND CONTRACT SUPERVISION

Prime contractor for the project was Roger J. Au & Son, Inc., P.0. Box
1488, Mansfield, OHIO 44901. Sub-contractors were as follows:

John V. Dinan Associates Inc.
Consulting Engineer and Seismologists
2125 Center Avenue

Fort Lee, NJ 07024

San-Vel Concrete Corp.
Prestress Divisions
P.0. Box 385
Littleton, MA 01460

Geotechnical Engineers Inc.
1017 Main Street
Winchester, MA (1890




The Robbins Company
650 S. Orcas Street
Seattle, WASH 08108

Goldberg Zoino Dunnicliff Associates Inc.
Geotechnical Consultants

30 Tower Road

Newton Upper Falls, MA 02164

Richland Engineering LTD
Consulting Engineers
2770 Lexington Ave.

P. 0. Box 3145
Mansfield, OHIO 44904

supervision and inspection. During the peak workload employment reached

143 people, of which 13 were Government personnel. Significant con-

struction events are shown on Table 1. The bid price on 23 June 1977 |
for the work was $23,248,185 and was completed as of 2 July 1981 at ‘
a cost of $24,457,493.

The Government was responsible for overall contract administration, s




TABLE 1

PARK RIVER LOCAL PROTECTION
AUXILIARY CONDUIT TUNNEL
SIGNIFICANT CONSTRUCTION EVENTS

FEATURE DATE
Contract Award 23 June 1977
Notice to Proceed 27 Sept 1977
Construction Start 1 Feb 1978
(Outlet Shaft)
T8BM Fabrication Chamber 3 May 1979
Completed
T8M Operational 13 Jul 1979
Intake Shaft Started 6 Oct 1979
Intake Shaft Completed 4 June 1980
TBM Holed Thru (Intake Shaft) 3 Jul 1980
Qutlet Shaft Completed 21 Aug 1981
Tunnel Completed and Operational 2 Jul 1981
Final Payment 19 Jul 1982
4

TABLE 1




B. FOUNDATION EXPLORATION

6. INVESTIGATION PRIOR TO CONSTRUCTION

a. General. Explorations consisted of core borings, various
tests within the boreholes and a seismic survey. Tests in boreholes

included borehole photographs, pressure testing, piezometers, observa-
tion wells and pump tests.

(1) Rock core from 29 borings were used to determine the tunnel
geology. Eighteen were M-series chrome barrel NX diameter core and
eleven were M-series 4-inch diameter. (See plates 2-16 for location)
Ten boreholes do not reach tunnel grade because they were drilled for
a previous design in which the tunnel was designed for a higher invert
elevation. Rock cores were record photographed in the laboratory. All
cores were photographed in the field immediately upon removal from the
core barrel for future use during contract bidding. Six wash borings
were made to determine the bedrock surface configuration at the outlet
portal and one boring was made to a depth of 155.5 feet (0C-1) to deter-
mine the in-situ rock stresses by the overcoring method. (Appendix A)

(2) Borehole photography was conducted on 22 boreholes in rock
to determine the in-situ rock structure. A1l of the rock structure was
observed for joint structure frequency and orientation. Typical joint
rosettes and polar diagrams are plotted on Plates 2 thru 16.

(3) Pressure testing was conducted on all borings at 5 foot
zones using air inflatable or mechanical packers. Graphic representation
of pressure test results are shown on Plates 2 thru 16. Where artesian flows
are encountered, pressure testing was restricted.

(4) Observation wells were installed in thirteen boreholes to

record ground water Tevels prior to start of construction and to determine
groundwater fluctuations.

(5) Pump tests were conducted on seven selected boreholes in rock.
Borings were pump tested in rock at or near tunnel grade to determine water
inflow characteristics during construction.

(6) Piezometers were installed in eight borings. Piezometers were
Tocated at multiple levels in rock and overburden to determine the subsurface

water characteristics prior to construction and to establish a base for
determination of seasonal variation.

(7) Seismic_surveys were conducted along the tunnel alignment to
determine the depth to rock and to aid in selecting borehole location.
Results of the seismic survey are shown on Plates ¢ thru 16.

ﬁ'}n,,:;-_ 1



7. INVESTIGATION DURING CONSTRUCTION

a. General. Explorations were made during construction by the con-
tractor for a tall tunnel designed and constructed as a convenience to the
contractor for iuck removal and for a revised tunnel realignment approved
as a cost savings to the Government and the contractor.

(1) The tail tunnel located beneath the Connecticut River east of
the outlet shaft was explored using five drive sample borings carried to
refusal. The borings did not core rock and were made to assure that there
was an adequate rock cover over the tunnel crown which was to be used as
a muck car by-pass.

(2) The value engineering tunnel realignment at the intake end of
the tunnel had several seismic lines made by the contractor for the purpose

of determining the elevation of the rock surface and two borings to tunnel
grade to confirm the quality of the rock on the realigned tunnel.

C. GEOLOGY

8. REGIONAL GEOLOGY

The City of Hartford is located in the Connecticut Valley which is a
broad generally north-south oriented lowland basin underlain by bedrock
of Triassic age consisting of conglomerate, sandstone, and shale with
included dikes and sills of basalt. The entire valley up to 108 miles in
length and 22 miles in width represents a structural block that is
bordered on the east and west by highlands formed of more resistant
igneous and metamorphic rocks. The sedimentary rocks of the valley have
been faulted and tilted to the east at a dip of 15° to 20°. This physical
setting has been modified by glaciation, causing the deposition of till
and Tater lacustrine lake deposits of stratified sands, silts and clays
above the rock.

9. SITE GEOLOGY

The relief at the site presents a north-south trend which generally
reflects the general strike of the trap roct ridge and of the sedimentary
rock which dip gently to the east. The relief is Tow except where faulting
and differential weathering have left prominent ridges of resistant "trap"
rock projecting above the floor of the valley. The bedrock is generally
blanketed by glacial till which mantles the bedrock surface. In the low-
Tand area, the ti11 is buried beneath extensive lacustrine deposits of
stratified sand and varved silt and clay. These deposits foriied in glacial
lakes grade upward to silts and sands and become integral with the terraces
of sands and gravels. The sand and gravel terraces formed in temporary
lakes that were controlled by the local spillways during the glacial reces-
sion which in the vicinity of the Park River in Hartford approximates




elevation 45 MSL. Recent floodplain deposits of stream sediment and

debris occur in local areas along the streams. Depth and composition
of these deposits is highly variable. The subsurface water level is

controlled by the Connecticut River and other local stream gradients

and topography with the upper clay layer creating an {mpervious boun-
dary that controls subsurface drainage.

10. STRATIGRAPHY

The rocks along the alignment are primarily easterly dipping
Triassic sandy shales/siltstones interrupted by a zone.of basalt flows
and some 1imited unique rock types near the basalt intrusion. The
interpreted stratigraphy based on initial rock core classification
and borehole camera interpretation is shown on plates 2 through 16.

An exaqgerated scale containina the information from the TBM camera

and physical sampling during construction is shown superimposed in a
graphic legend at tunnel grade on the as-built contract drawings,
plates 2 through 16. It should be noted that the camera documentation
is broken in areas where functional difficulties occurred in the auto-
matic camera system. The automatic photo documentation is better suited
toward identifying structural characteristics of the exposed bedrock
rather than identifying specific or general 1{thology. (For a complete
discussion of the camera capabilities, limitations and recommendations
see Appendix "A", Final Report, Geotechnical Instrumentation, In-Situ
Stress Measurements and Photoqraphic Geologic Documentation, Park River
AuxiTiary Conduit, Hartford, Connecticut.] Descriptions of the vartous

significant rock types are as follows:

a. Red Shale/Siltstone. The dominant rock type {s reddish-brown
shale/siltstone. The shale contains sandy phases and is interbedded with
gray shales and thin sandstones. It {s thin bedded and calcareous. Cal-
cite fi11s the open bedding planes, joints, and fractures. The shales are
usually well-cemented and moderately hard but some zones are classified
as soft and weak. The sandy phases are mostly competent and hard to very
hard. Bedding strikes roughly north-south and gererally dips 100 to 200
to the east but with local variations.

b. Gray-Black Shales. Gray and sometimes black shales are inter-
bedded with the red shales. They are thin-bedded and similarly oriented.
The beds are thinner than the red beds and were used as markers to corre-
late between boreholes. Gray shales are calcareous, moderately hard to
soft and are similar in physical properties to the red shales.

¢. Sandstone. Thin whitish to gray calcareous sandstone beds are
common within the shales. Many sandy zones appear to correlate between
boreholes and were used as markers. The beds are hard but sometimes show
solution activity and localized concentrated fointina. Variations include
a coarse red sandstone (arkose) and a thin zone of interbedded volcanic
sandstone and shale that were encountered in boreholes FD-9T and FD-24T
respectively and verified in photographs taken by the TBM camera.




d. Basalts. Basalt flows near the intake shaft are oriented
consistent with the local stratiqraphy although structural modifica-
tions are apparent (see plates 2&3).They are usually gray and olive
gray (locally black), slightly vesicular and non-vesicular, calcareous,
hard and contain healed hairline fractures throughout. Localized
broken and weathered zones occur and are noted on the drawings.

e. Aphanite. This gray-fine grained to glassy rock type occurs
in borehole FD- etween the depths of 137 and 188 feet. Its origin
is uncertain and it occurs in zones with unresolved structural discon-
tinuities. It is hard to very hard but also contains numerous irregular
healed hairline fractures. Some zones may be slightly weathered and
less dense. This rock type was not identified by the TBM camera.

11. STRUCTURAL GEOLOGY

a. Jointing. Joints were examined for characteristics in rock
core and aTso logged and oriented by borehole photography. Detail
sections on Plates Z through 16 show significant joint data as inter-
preted from the TBM camera and geologic logs. The principle joint con-
trol applicable to each of the rock types is as follows:

(1) Shales. The primary goints in the shales are along the
bedding generalTy dipping between 10° and 20°. Steeply dipping joints
are varjably distributed as strike and dip joints with irregular to
rough surfaces and dips ranging from 70° to 90°. Many are very thin
and healed with calcite making highly visible mapping by the TBM
camera.

(2) Sandstones. Specific joint sets were not identified
in the sandstone beds and were considered for design purposes to be
random and generally steeply dipping.

(3) Basalt. In borings FD~8T and FD-14T less than 10 percent
of the joints were parallel to the trend of bedding in the shals. More
than 50 percent strike between N45°E to N45%W and dip 60° to 90°.
Relatively few joints were visible on the TBM camera,

b. Folds. Folded beds appear present at Sta 57+50. Borehole
photography detected a reverse dip of the beds in FD-22T7, See plate 8.
A fault was considered likely in this zone based on the core samples and
its presence was verified by the tunnel construction which intersected
a fault at approximately Sta 59+00 and 63+00.

c. Faults were interpreted in two areas, near Sta 57+00 and between
Sta 89+50 and 95+00. Fault conditions were experienced during construc-
tion between Sta 59+00 and 63+00 based on construction records and between
Sta 95+88 and 96+54 based on the TBM camera interpretation.




12. ENGINEERING CHARACTERISTICS OF OVERBURDEN MATERIALS

The stratigraphic sequence of the soils is shown on Plates 2
through 16. This sequence was depicted based on explorations zad
seismic velocity interpretation. A detailed report of the soils
testing and their properties at the shaft locations §s contatned in
DM No. 8 Auxiliary Conduit Shafts. The engineering properties of
these materials {s as follows:

a. Glacial Ti11. Materials in the glacial ti11 deposit in the
Hartford area are compact, well graded, gravelly silty sands, silty
sandy gravels and gravelly sandy silts from fine contents between 25
and 55 percent. The materfals range from nonplastic to slightly plastic
with 1{quid 1imits of less than 25 and plasticity indices of less than
8. Natural water contents are between 8 and 15 percent. Specific
gravity ranges from 2.69 to 2.75. Saturated natural unit weights are
estimated to be between 140 and 150 pounds per cubic foot. For the anti-
cipated stress ranges these materials are estimated to have shear
strengths equivalent to an angle of internal friction of 35 degrees,
based on past experience with similar soils. The estimated coefficient
of subgrade reaction for these materfals 1s on the order of 400 pounds
per square inch per inch.

b. Varved Clay. Reference is made to Design Memorandum No. 5,
Embankments and Foundations, Part 1, Box Conduit, for a detailed evalua-
tion of the engineering properties of the materials in the varved clay
deposit. The material consists of alternating laminae of soft plastic
clays and silts. Liquid 1imits of the clay bands range from 55 to 75

with plasticity indices berween 25 and 45. The silts have liquid limits
varying from 30 to 50 with plasticity indices between 0 and 20. Natural
water contents range from 60 to 80 percent for the clays and from 35 to

50 percent for the silts. Specific gravity of the silty bands varies from
2.75 to 2.8N and that of the clay bands from 2.75 to 2.85. Saturated unit
weights vary between 100 and 110 pounds per cubic foot. Consolidation
test results for this and other projects indicated that the material has
been preconsolidated to loads at least 0.5 TSF greater than present over-
burden stresses. For design purnoses the undrained shear strength of the
material is estimated to be 500 pounds per square foot.

c. Silty Sands. The materials in the loose to moderately compact
zone of sTTty sands at the outlet shaft are nonplastic, silty medium to
fine sand, gravelly silty sand and sandy si1t. Saturated natural unit

weights are estimated to be between 120 and 135 pounds per square foot.
Shear strenqgths are estimated to be equivalent to an anqle of internal

friction of 30 degrees.

13. ENGINEERING CHARACTERISTICS OF BEDROCK MATERIALS

A summary of the mechanical rock properties 1s shown on Table 2.
The test results represent physical samples selected from twenty-one
explorations on the tunnel alianment, generally distributed over the area
of the tunnel section. Detailed results of physical testing is contained
in DM No. 9 Auxiliary Conduit Tunnel. General comments on the physical
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properties of the rock are as follows:

.a. Density. The density of the rock averages 2.66 BSSD (166 pcf)
for the shale and 2.75 BSSD (171.6 pcf) for the basalt. These rocks
comprise the bulk of the rock encountered in the tunnel,

b. Swell Test. Swell tests conducted on the shale rock indicated
a lineal expansion normal to the foliation of 0.4 of a percent in
approximately 160 hours.

c. Moisture. A1l physical property tests on the rock were conducted
at the natural moisture content. Al1 test samples of shale were waxed
in the field to retain their natural moisture and were stripped imme-
diately prior to testing. Absorption averaged 1.18 percent for 27 samples
in the shales and sandstones and .566 percent for 15 samples of the
basalt.

d. Modulus of Elasticity. Elastic moduli ratios were determined
as a by-product of the controlled testing. Design valueg for the modulus
of elasticity was determined from testing to be 2.1 x 10° psi for the
sedimentary rocks and 4.6 x 106 for the basalt. The modulus of elasticity
(E) for the sedimentary in a vertical direction were closely related to
those obtgined by in-situ testing at depths up to 100 feet which average
3.07 x 10° psi. Average "E" for greater depths during in-situ testing
were appreciably higher being 8.25 and 7.33 x 100 psi at depths of 148
feet and 154 feet respectively. 1In comparisgn tests performed at tunnel
grade during construction averaged 2.96 x 10° psi at depths of 183-195 feet.
This lower modulus may be attributable to affects of the tunnel excavation
method which was done by blasting in this area.

e. In-Situ Stress. The results of in-situ stress at the site prior
to tunnel construction are in general agreeable with the regional data
having a maximum principal stress with an average orientation of N48°
E+ 12°. There also appears to be relatively low lateral stress with an
average maximum principal stress of 452+ 133 psi compression. The stresses
of lower magnitudes occur above the fractured zone between a depth of 104
feet (EL -79) and a depth of 111 feet (EL -86) and slightly higher magnitude
occur below the fractured zone. Correlation with the in-situ stress mea-
sured at tunnel grade by the overcoring technique indicates an average
maximum principal stress in the vertical mode of 291 psi which is slightly
less than the lower range of values obtained from the pre-construction
in-situ borehole testing.

f. Sliding Friction. Friction tests on natural joint surfaces were
conducted on saturated surfaces at 5, 10 and 15 TSF. The average angle
of sliding friction for the joint surfaces was f = 31.6° with an average
cohesion of 2.2 TSF primarily due to undulations in the bedding surface.
S144ing friction test on a sawed joint in the shale had a § of 26.1° with
a cohesion of 0.59 TSF,
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. Triaxial Tests., Triaxial tests on shale indicate an average
angle of internal friction of 48.9° with a cohesion of 188 TSF.

h. Multistage Triaxial Tests. These tests were conducted on
steeply dipping natural joints which cross the natural bedding in the
sedimentary rocks. This method was used to evaluate the coefficient
of friction and cohesion along natural strike, dip and diagonal joints.
Due to the irregularity of most joint surfaces the strength values were
high7resu1t1ng in average values for friction of @ = 30.5° and cohesion
of 97 TSF.

1. Unconfined Compression Tests. Unconfined compression tests were
conducted with and without strain measurements. Three design parameters
have been determined from the tests. Compression strengths represents
all samples tested. Values varying considerably with the principal
rock types are as follows:

ROCK AVG. COMP. AVG. POISSONS AVG. MODULUS
TYPE STRENGTH RATIO (U) OF ELASTICITY (E)
Shale 7,892 .29 2.1 x 106 psi
Basalt 10,263 .38 4.6 x 108 psi

Dynamic Testing. Selected samples prepared for static testing
were sonic tested at varying loads for shear and compression wave velo-
cities. Dynamic properties indicated good correlation between similar
rock types and conditions. Compressive wave testing also verified the
in place field values obtainedduring the seismic refraction survey.

k. Slaking Tests. Stress relief in the form of sample crazing
when immersed in water after air drying were noted in several shale
samples during pre-construction testing. Slaking in the mole assembly
chamber where drill and blast excavation exposed extensive areas of
rock slaking was controlled by immediate application of gunite. Slaking
was not observed in the precast portion of the tunnel where contact
grouting would serve as a deterent against slaking through exposure.

1. Rock Movement During Construction.

(1) Multiple Position Borehole Extensometers (MPBX). MPBX
installed from the ground surface prior to construction were monitored
on a daily basis when the tunnel heading was in a position of 100 feet
before and 100 feet beyond the instrument location. Readings were con-
tinued at a reduced frequency for the completion period of the tunnel.
Anchor spacing above the tunnel crown for the ten test sections were
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as follows:

Anchor #1 2.0 to 3,7 feet

Anchor #2 3.9 to 5.3 feet

Anchor #3 6.8 to 9.0 feet

Anchor #4 10.9 to 15.7 feet

Ancho~ #5 19.8 to 26.7 feet

Anchor #6 46.7 to 61.6 feet

Based on the MPBX data, the rock movement measured over the crown of
the tumnel excavation was relatively small in areas of competent shale
and sandstone rock types. Movement in these areas ranged from .03 to
0.26 inches. The larger of these movements occurred in areas of
moderate faulting. The largest readings of crown movement occurred

in the area of the greatest degree of faulting at MPBX-10 where move-
ment was measured up to 0.6 inch. Crown movement in the vicinity of
the drill and blast section at MPBX-1 were the smallest observed on the
project. This deviation from the anticipated may be partially due to
the fact that the crown portion of the tunnel was first excavated in

an 8 foot wide 16 foot high section and roof bolts installed before re-
moving the lower bench. This method of excavation would allow for a
more uniform transfer of the additional stress from the excavation to
be distributed into the rock mass by the rock bolts.

The rate of measured rock movement in the sound to moderately sound
rock areas appears to be somewhat dependent on the rate of heading
advance in the zone 50 to 100 feet past the instrumented test section.

At most test section locations practically all of the measured rock
movement occurred as the mole passed through the 100 foot zone with

most of the movement being measured as the heading advanced through the
first fifty feet. While approximately 80% of the measured movement
occurred as the heading progressed up to 1.5 months after the heading
exited this zone. (See plates 21 through 30 showing rate of advance

vs. rock movement.) While the rate of movement seemed somewhat dependent
on the rate of heading advance, there was no apparent correlations of
the magnitude of rock movement and the rate of tunnel advance. A1l MPBXs
jndicated an upward attenuation of the rock movement measured from the
tunnel opening.

Two of the MPBXs measured an apparent upward rock movement as the
T8M approached the test section. Since the upward movement attenuates
toward the ground surface, it is unlikely that movement is caused by a
settlement of the reference head. Use of the interactive graphics computer
program also indicates an upward movement occurs at the beginning of the
velocity release. Review of the printout of the block movement indicates
the rotational movement of blocks could cause an upward movement of the
keystone block which would produce a negative or upward movement of the
lower anchor points. For observation of this effect see plate 25.

13-




14. GEOLOGIC FACTORS AFFECTING TUNNELING

a. General. A composite record in graphic form displays the
tunneling rate vs. rock type and structure (see plate 43), The
tunneling rate was relatively constant regardless of rock strength
once the learning period for operating the mole passed. Tunneling
rates were plotted on the basis of feet moled/hour inclusive and
exclusive of downtime. Rates are for those portions of the work com-
pleted by the TBM exclusive of the drill and blast area where the
tunnel boring machine (TBM) was assembled and the tail tunnel con-
structed to facilitate the removal of muck. The tunnel was advanced
up grade from the outlet shaft progressing into the dip of the rock
structure which was divided into seven different areas based on the
composition and structure of the rock. A summary of the rock structures
and the pertinent TBM progress data is as follows:

(1) Area 1. This area was comprised of massive, moderately
hard, bedded, red to brown siltstone shale and sandy shale. Length of
area is 1,900 feet between stations 25+00 and 44+00. Total moling
time was 848 hours. The average rate of advance was 2.5 ft/hr exclusive
of downtime for the mole. Total maintenance averaged one hour for
every 8.6 feet of advance which included mole maintenance during a
cessation of operations for the Christmas holidays. The average moling
rate including all delays was 2.2 ft/hr. The wear on cutters resulted
in one hour of cutter change for every 22.6 feet of advance in this rock
type. Total work hours of 1,068 results in the mole being effectively
utilized in drilling for 79% of the operation time.

(2) Area 2. The rock on this section between stations 44+00
and station 57+00 consist of massive, hard, red to black shale with
zones of massive sandstone. The 1,300 foot length was moled in 472
hours at an average rate of 2.8 ft/hr. Maintenance on the mole averaged
one hour for every 14.1 feet of advance. Changing cutters averaged one
hour of cutter change for each 17.1 feet of tunnel advance. This results
in the mole being in an effective mole operation 34 percent of the total
work time.

(3) Area 3. The rock in the zone between station 57+00 and
63+00 consisted of soft to moderately hard red brown shale containing
highly jointed rock in a fault zone. The 600 foot zone was moled in
224 hours at an average of 2.7 ft/hr. Maintenance on the mole averaged
one hour for every 5.4 feet of advance with cutter changes at an average
of one hour of cutter change for every 18.8 hours of operation. Effective
use of the mole in an operational mode was approximately 57 percent of
the total work time.

(4) Area 4. The rock in this section between stations 63+00
and 68+00 was a moderately hard, interbedded, moderately thin gray tc
black sandstone and shale. The 500 feet was moled in a total of 276
work hours with 152 hours spent effectively moling. This results in a
progress rate of 3.3 feet per hour with an average of one hour of cutter
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change for every 37.3 feet moled and a total maintenance rate of
one hour for every 20.8 feet of progress. This results in the
effective mole usage for 86% of the total working hours.

(5) Area 5. The rock in area 5 between stations 68+00
and 75+00 consTsted of a moderately hard interbedded, thin, red
to aray sandstone interbedded with shale. This generally massive
rock required 232 hours of moling at a rate of 3.0 feet per hour
with one hour of cutter time required for every 43.7 feet of progress
with total mole maintenance averaging one hour for every 29.2 feet
of oprogress. Effective operation of the mole was 91% of the total
work hours.

(6) Area 6. The rock in this 1300 foot section between
stations 75+00 and 88+00 consisted of a hard to moderately hard,
red to brown, shale and sandy shale for 700 feet and a black massive
jointed basalt for 600 feet. Total hours moling was 425 with 232 |
hours spent excavating the basalt. This results fn a progress rate
for area 6 of 2.9 ft. per hour with a rate of 2.6 feet per hour in 1
the basalt only. Mole maintenance was high spending an average of
one hour of maintenance for every 7.6 feet of operation and cutter
changes for every 19.1 feet of progress. In the basalt only, cutter
changes were low requiring an average of one hour of cutter change
for every 30 feet of progress; however, total maintenance was high
requiring an average of one hour maintenance for every 5.5 feet of
progress. Total time effective for mole usage was 72% for the entire
zone and 68% for the basalt only. l

(7) Area 7. Some of the most difficult rock conditions were
encountered in this final section between stations 88+00 and 97+87 at
the intake shaft. Rock type was highly variable consisting of a mod-
erately hard to soft and brecciated (soil-1ike) sandy shale and sandstone.
Progress and conditions were affected by the fact that the mole was in a
gradual curve which made alignment and control of the mole attitude more
difficult. Total moling time required to excavate this section was 432
hours of a total working time of 652 hours. The average mole progress
rate was 2.1 feet per hour with an average of one hour of cutter chanae
required for every 11.3 feet moled and one hour total mole maintenance
every 4,1 feet. Effective time for mole usage was 66% equal to that
of the previous fault zone in Area 3.

b. Summary. The average proaress rate for 7,200 feet of tunnel
after shakedown of the system averaged 2.71 ft/per hour with mole main-
tenance averaging one hour for every 11.9 feet of progress. Cutter
changes alone averaged one hour for every 24.2 feet of advance. Total
operational effectiveness, that is total hours worked/hours moling was
76.5 percent. A summary chart of rock type vs. TBM progress is shown
on Table 2. The lowest rateof advance (2.1 ft/hr) and smallest footage
per maintenance hours was in Area 7 and the highest rate of advance was
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Area 4. These values are considered to be largely controlled by
the rock conditions. The lowest maintenance rate is one hour

for every 29.2 feet of advance including cutter changes at the rate
of one hour for every 43.7 feet tunneled occurred in Area 5. These
low maintenance factors are partially attributed to the uniformity
and moderate hardness of the rock in this area.

In summary, the rate of progress depended primarily on rock
structure and conditions. Hardness of the rock did not have a pre-
dominant effect on the rate of progress; however, the rock structure
did decidedly affect the amount of mole maintenance required. Cutter
changes were generally less in the massive basalt which had a 30 ft/
hour cutter change rate than in the sound interbedded sandstone and
shale which averaged 26.7 ft/hr However, mole maintenance averaged
considerably higher with a rate of 5.5 ft/hr for the basalt as com-
pared to 29.2 ft /hr average for the sound interbedded sandstone
and shale. This resulted in a mole effective time of 68% for the
basalt vs. 91% for the interbedded sandstone and shale.

Review of these results indicate that rock structure i.e. fault
zones had a greater effect on mole progress than rock hardness.
Rates of advance did not vary greatly between the harder and softer
rocks nor did the amount of cutter changes. However, the mole main-
tenance factor was over 14% higher for the hard rock indicative of
high stress on the mole to maintain the same rate of progress.

The effect of geologic factors on tunneling also governed the liner
erection which was most difficult in areas of poor rock where roof
collapsed time was reduced and filling and grouting of the annular space
was more time consuming. Discussion of rock structure on liner loading
and erection time is discussed in paragraph 23, Construction Rate of

Progress.

In summation, the use of precast liners which were universal for
all conditions minimized the effect of geologic conditions on the
constructicn cycle. The rock strength values were within the range
which could be handled by the machineat nearly the same rate of pro-
gress; however, the progress rate was maintained only at the sacrifice
of increased mole maintenance,

15. CONTROL OF WATER

The contractor was required as part of the work to furnish all
plant, labor and materials and perform all the work in preventing the
waters of the Connecticut River and the Park River from innundating
areas necessary for the construction of the tunnel and inlet and outlet
structures. The specifications: required that the contractor submit
for review and approval the control of water scheme, which he intended
to implement during construction for each of the project structures.
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No separate payment was allowed. Al1 associated costs were included
under the applicable contract unit and Tump sum prices for the 1tems
or structures to which the work pertains.

a. Surface Structures. All surface structures were constructed
using a sump pump operating from the excavated area. No dewatering
systems external to the excavation were required or utilized. Inflow
of water became a significant item only on the outlet shaft where
water flows at the rock surface from previously drilled exploration
borings created a flow of water which affected construction operations.
This condition claimed as a changed condition Mod. No. P00024 (JC#24)
was settled by a construction modification at a cost of $18,456.00.

b. Subsurface Structures.

(1) Tunnel. A1l seepage water was conveyed to sumps at
the intake shaft by flow along the completed tunnel invert. The with-
drawal of water from the tunnel was required to be controlled in the
areas of Stations 7+25 to 32+50 and 92+50 to 98+00 where uncontrolled
withdrawal could cause subsidence of above ground structures. The
amount of withdrawal was that which would prevent piezometric levels
in the glacial ti11 Tayer from dropping more than 10.0 feet from pre-
viously established equilibrium values. For detailed analysis deter-
mining the estimated time rate and magnitude of consolidation due to
the anticipated changes in groundwater levels and the accepted magni-
tude of settlement for the structures along the tunnel route, see the
report entitled, Report on Effects of Changes in Groundwater Conditions
Due to Proposed Construction of Auxiliary Conduit Tunnel by Haley &
Aldrich Inc. dated May 19/7.

A detailed discussion describing the groundwater fluctuations,
the instrument locations, the instruments and the procedures of instal-
lation and monitoring are fully described in the Final Report Geotech-
nical Instrumentation In-Situ Stress Measurements and Photographic
Geologic Documentation, submitted by Geotechnical Engineers Inc. dated
Rugust 1980 and Inclosed as Appendix A. A summary of the piezometer
and observation well data is shown on Plate 31 and a record of pump out

by total volume and per lineai foot is on Figure 1. Individual water
level summaries for each test section are shown on Plates 32 through 39.

Some general observations from the groundwater withdrawal
records indicates the following:

(a) The groundwater surface on the eastern end of the tunnel
responded to seasonal levels of the Connecticut River. Observation wells
at shallow depths were generally unaffected by the tunnel construction
and most variations were the resultant of seasonal variations by the
Connecticut River.
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(b) Large drops measured 1n rock pfezometers beqan when the
tunnel heading was within 300 to S00 feet of the piezometer. After
the passage of the heading and installation and grouting of the liner,
the groundwater level in these piezometers began to recover. The
drawdown of the piezometer surface in bedrock is not uniform pro-
qressing away from the tunnel to the around surface. Where a drawdown
curve is projected the curve approaches in a cross section that of a
pumped well. Piezometers in rock were highly affected by the open
jotnt structure in the rock.

(¢) Piezometer levels in the till did exceed the predicted
amount but did not cause excessive settlement or damage to the surface
structures. Two conditions may be postulated as to the reasons. The
first consideration 1s that due to the thinness of the till layer,
the piezometers may have been more sensitive to the sudden droo in the
rock water levels. And secondly, as a result the actual pore pressures
in the ti11 did not drop to the dearee indicated since consolidation
of the clay did not generally exceed the maximum settlement considered
critical to the structures. A plot of the surface settlement caused by
qroundwater withdrawal is shown in Appendix B. Maximum settlement at
any monument did not exceed % inch. Settlement did exceed the recom-
mended % inch minimum at the Church of the Good Shepherd from September
1980 to March 1981 for short periods of time. No damage was observed
as a result of these short term maximum settlements in the range of
3/8 of an inch.

Control of water in the specifications was governed by mon-
itoring of piezometers based on a drawdown analysis which would preclude
the possibility of surface settlement that could cause damage to struc-
tures. Groundwater drawdown due to tunnel construction typically
occurred 300 to 500 feet ahead of the tunnel heading indicated by a
rapid rate of withdrawal in the rock piezometer with a delayed effect of
the piezometers in til1 (see plate 32). Rates of water discharane with
tunnel progress are shown on Figure 1. Unit rates were relatively uniform
with a cumulative curve dampened by the rateof sealing of the annular
space by pressure qrouting. The cumulative effect of the secondary
arouting is shown by the reduced outflow in GPM/1f of tunnel .as displayed
on Figure 1. However, even though the folow was reduced, encountering
the fault zone in the vicinity of Station 20+00 caused a rapid rise in
the water inflow for a relatively short distance of the tunnel.

16. VIBRATION CONTROL

A1l vibration control was exercised in the area of conventional
excavation for the outlet shaft, inlet shaft and the chamber constructed
for the assembly of the mole. The vibration control was exercised by a
subcontractor John V. Dinan Associates Inc., Consulting Enafineers and
Seismologists, Patterson, NJ using a Sprinanether three component port-
able seismograph Serial No. 4028-43128. Special requirements limitina peak
per component particle velocity had been established in the specifications
for particular structures considered susceptible to vibratory effects.
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The peak particle velocities established for special structures
was as follows:
PEAK PER COMPONENT

STRUCTURES & LOCATION PARTICLE VELOCITY
Church of Good Shepherd :

155 Wyllys Street, Hartford, CT 0.7 in/sec
A1l structures (excluding the 1.2 in/sec

Church of Good Shepherd) between
Tunnel Stations 7+25 to 33+00
and 92+50 to 98+00

Churches located between Sta 36+00
and 93+00 1.4 in/sec

A1l other areas were subject to allowable peak particle velocities
in accordance with regulatory statutes established by Corps of
Engineers Safety Standards and statutes or directives established

by State or other authorities. These were generally limited to not
exceed an Energy Ratio of one or a peak particle velocity of 1.92
in/sec. A table of recorded values is shown on Table 4. A detailed
discussion of the reasons for and procedures used to determine the
allowable values limiting the peak particle velocity at special
structures is contained in a pre-construction report prepared by
Haley and Aldrich Inc. entitled Evaluation of the Effects of Vibra-
tions during Tunnel Construction, Park River Local Protection Project
Auxiliary Conduit, Hartford, CT.

In summary, no damage was recorded as a result of vibrations
resulting from blasting. Concern for areas of the portals and the
mole assembly room was not realized as a result of the contractor's
election of Option 3 requiring the use of a TBM (Tunnel Boring Machine).
No vibrations were felt at the ground surface as a result of the
TBM operation,
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PEAK PARTICLE VELOCITY RECORDED DURING CONSTRUCTION

TABLE 4

Date
11/3/78
11/7778
11/7/78
11/8/78
117778
11/22/78
11/30/78
12/1/78
12/12/78
12/12/78
12/12/78
12/13/78
12/13/78
12/13/78
12/13/78
12/14/78
12/14/78
12/14/78
12/21/78
12/22/78
12/22/78
V2/22/78
1/3/79

OF THE PARK RIVER AUXILIARY CONDUIT

Time

12:40
5:25

11:06
:40
137
:10
150
:53
:00

S A W N W

12:20
5:55
10:37
3:48
10:25
12:20
10:55
7:30
2:00
8:15
8:48
6:25

pm
am
pm
am
am
pm
pm
am
am
pm
pm
am
am
am
pm
am
am
am
pm
am
am
pm
pm

Loc
of

Sta
Sta
Sta
Sta
Sta
Sta
Sta
Sta
Sta
Sta

Int
loca

7452+ to 7+67+

unnel exact
tion unknown

22

|1

ation Location of
Blast Instrument
7+65 Colt Building
7+73+ On site
7485+ !

7485+ "

8+67+ "

9+10+ "

9+47+ Van Dyke Ave.
9455+ "

7413 to 7+40+ On site

Peak Particle
Velocity

0.2411
0.1951
0.2049
0.5314
0.4354
0.3187
0.1307
0.1493
0.3394
0.2244
0.0916
0.2489
0.1637
0.0700
0.0244
0.1024
0.0748
0.2491
0.4886
0.3588

0.1979
0.3436

0.6811



Date

1/9/79

1/9/79
1/10/79
1/11/79
1/12/79
V/15/79
1/15/79
1/16/79
1/16/79
2/27/80
2/27/80
2/27/80
3/3/80
3/6/80
3/6/80
4/2/80
4/17/80
4/28/80
4/30/80
5/2/80
5/6/80
5/6/80
5/19/80
5/27/80
7/7/80

Time

1

1
10
8

3:

1

2

8:

1

12:
2:

3

10:

2
10
12
N

9:

4.
10:
:00
130
135
:05

:30

115
:40
145

55

:23
10:

15

145

10

:10

58
15

140

35

:40
:40
:05
135

50
15
10

pm

pm
pm
pm
am
pm
pm

am
pm
pm
pm
am
pm
am
pm
pm
am
pm
am
pm
pm
pm
pm

Location

In tunnel exact
location unknown

Intake shaft

of Blast

23

Llocation of
Instrument

Peak Particle

Velocity

On job site

50' NW of jobsite
50' SE of jobsite

100' SW of job site

50' NW of jobsite

50' NW of blast
40" W of blast

0.6811

.1095 !

.1720
.1754
.1469
L1574
.1562 é
. 1296 |
.1907
.0424
.1951
1417

o O O O O o O o o o o

—

.1986
.6782
.4242

LS B e B e ]

.0396
No data
0.1723
0.2345
No record
0.1063
0.1979

0.1881
0.0860
1.0954 !




Date
7/8/80
7/11/80
7/15/80
7/16/80
7/16/80
7/17/80
7/21/80
7/22/80
7/22/80
7/24/80
7/24/80
7/25/80
7/25/80
7/28/80
7/30/80
7/30/80
7/31/80
7/31/80
8/1/80
8/4/80
8/4/80
8/5/80
8/5/80
8/6/80
8/7/80
8/7/80

Time

8:30 pm

12:25 pm

10:

50

:50
130
115
:25
:25
:30
:35
140
:50
40
:50
:30
:00
:10
115
:65
:45
:00
100
115
110
125
:00

am
am
pm
pm
pm
am
pm
pm
pm
am
pm
pm
am
pm
am
pm
am
am
pm
am
am
am

am

pm

Location

of Blast

Intake Shaft
Broad St. Shaft

Intake Shaft
Broad St. Shaft

Location of
Ins trument

Peak Particle
Velocity

50' W of Blast

30!
50'
50'
25!

E

of Blast

SE of Blast

of Blast

S of Blast

Unknown

25' S of Blast

SW of Blas
S of Blast

No record
0.2647
0.0670
No record
0.2032

No record

»n

0.0877
No record
0.2319
0.2898
0.3033
0.2670
0.4512
0.4242
0.3181
0.2963

t 0.0448
0.2059
0.2537
No record
0.1969
0.2109
0.1766




Date
8/8/80

8/8/80

8/11/80
8/12/80
8/12/80
8/13/80
8/13/80
8/14/80
8/28/80

Time

12:00 pm
4:00 pm
12:15 pm
10:20 am
2:15 pm
11:30 am
3:35 pm
3:10 pm
2:00 pm

Location

of Blast

Broad St. Shaft

Location unknown

25

Location of Peak Particle
Instrument Velocity

25' S of Blast 0.1766
o 0.1886
" 0.2289
" 0.1118
" 0.1039
" 0.1232
“ 0.1979
" 0.1200
50' N Intake Shaft 0.1435
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D. EXCAVATION PROCEDURES

17. EXCAVATION METHODS

The elected procedure for excavation was the use of a tunnel
boring machine (TBM) with a precast liner which was erected beneath
the tail shield of the machine., The machine was assembled in a 235
foot long 26 foot high U-shaped chamber upstream of the outlet
shaft which was excavated by drilling and blasting using a heading
and bench method. Simultaneously a 13.0 foot + diameter tail tunnel
148 feet in length was driven east of the outlet shaft using a full
face excavation operation. The tunnel was supported in the erection
chamber by 10 foot long fully encapsulated resin rock bolts at four
to five foot centers and shotcrete. The tail tunnel was supported
as necessary by random rock bolts without shotcrete.

After completion of the dr{1l and blast section, the TBM was
assembled in the excavated chamber and the tunnel advance using the
TBM was begun. The TBM was fully shielded, rotary hard-rock machine
manufactured by the Robbins Company, Seattle, Washington, which cut
a 24 foot 3 inch diameter bore,

18. WATER CONTROL

A1l control of water was the contractor's responsibility as a
part of the project work. The contractor was required to submit for
review and approval the control of water scheme which he intended to
implement during construction for each of the project features where
temporary structures or dewatering methods are required to allow con-
struction in the dry.

Special consideration on withdrawal of water was required in the

tunnel between statijons 7+25 to 32+50 and 92+50 to 98+00. The purpose

of the control was to prevent the observed piezometer levels in the
glacial til1l from dropping more than 10.0 feet as measured from equi-
1ibrium values previously established. A plot showing a summary of
piezometer observations is shown on Plate 32, Individual water level
summaries for each test section 2 through 9 are shown on plates 33
through 40, The reasons for and the analyses of potential settlement
effects caused by groundwater withdrawal is contained in a report

by Haley & Aldrich, Inc., Cambridge, MA entitled "Report on Changes
in Groundwater Conditions due to Proposed Construction, Auxiliary
Conduit Tunnel, Park River Local Protection, Hartford, CT" dated

May 1977.

The pumping rates and approximate volumes of water pumped during

the construction as measured at a control weir at the tunnel outlet
is shown on Figure 1.
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E. BIDDING PROCEDURES

19. GENERAL

The project was bid based on three different options for tunne)
construction and a single shaft construction procedure common to all
three options. The use of the option was to obtain the least cost
method, Contract specifications required that a contractor could
bid on only one option. Fixed prices were established for all line
itemsof work required beyond a minimum tunnel design section. Instru-
mentation was bid Tump sum with a Government estimated cost shown
on the bid form. Tunnel construction was bid as a line item on a
1inea) foot basis which included all costs connected with the tunnel
construction. During the bidding period all sample test data, design
memorandum, rock cores, core photographs and special reports were made
available to the contractor, a statement signed by the contractor's
representative indicated which reports they had viewed. The contractor
was allowed to select rock samples for further testing to determine the
physical characteristics of the rock for his bidding purposes.

20. OPTINNS
Three tunnel options were allowed and bid as follows:

a. Option 1. Nrill and blast excavation with a variably thick
cast-in-pTace Tining. Three sections were designed to meet three ranaes
of rock loading. A1l costs of excavatina the quantity of rock required.
for the minimum section were incTuded in the unit price for tunnel con-
struction. The unit price included the entire costs of excavatina,
transporting, and disposing of excavation materials and maintaining the
excavation in a satisfactory condition until the linina was placed.

b. Option 2. Machine excavation includina a variable thickness
reinforced cast-in-place concrete 1ining. Three tunnel sections had
differing shotcrete thickness and reinforcements to meet three ranges
of rock loadings. The unit price bid per foot of tunnel construction
fncluded the entire cost of excavatina, transporting, and disposina

of excavated materials and maintaining the excavation in a satisfactory
condition until the concrete was placed.

c. Option 3. Machine excavatfon with a constant thickness rein-
forced precast concrete 1ining. The unit price for tunneling construction
included the cost of excavatina, transporting, disposina of excavated
materials and placement of the precast lining oroperly installed and

back packed with peastone and grouted.

Bid prices for the respective options includina construction
of the outlet, inlet and Broad Street shafts ranged from $33,374,140 for
the dri1l and blast (Option 1) to $23,248,185 for machine excavation,
with a precast 1ining (Option 3). The greatest number of bids was made
on the precast liner option with five of the seven acceptable bids
ranging in price from $23,248,185 to $28,551,997.
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F. TUNNEL CONSTRUCTION

21. CONSTRUCTION METHOD.

The tunnel was advanced upgrade from the outlet shaft adjacent
to the Connecticut River using the Option 3 construction method.
Excavation methods are described under Section D. EXCAVATION
PROCEDURES. An unlined tail tunnel 13.0 feet diemeter by 148 feet
long was added by the contractor to allow passage uf the muck cars.
through the outlet shaft area during their unloading (See Plate 16).
The tail tunnel was backfilled with tunnel muck and grouted prior
to pouring the outlet works 1ining.

The temporary support and final lining are provided by four
segmented precast liner rings which were erected in the tail shield
of the TBM approximately 35 to 40 feet behind the cutter face. Each
of the four segments is nine inches thick and six feet wide providing
a finished inside diameter of 22 feet. Circumferential sponge rubber
0-rings were provided between rings and neoprene pad gaskets and a
hydraulic cement sealant (Preco-Crete) were used between segments.
The invert segment was set on a bed of peastone and the annular space
between the excavated rock surface and outside surface of the crown
and side segments was filled with 0.5 inch peastone, generally two to
three rings behind the last ring installed. Cement grouting of the
peastone was generally accomplished in the invert between the second
and seventh ring and at the crown and sides from an independent grout
gantry about 200 to 500 feet behind the Tast installed ring. Secondary
grouting through the liner was performed in areas of seepage to provide
the final sealing of the tunnel liner.

22. EQUIPMENT

Major pieces of equipment used on the construction of the tunnel
were as follows:

TBM - Fully shielded, rotary, hard-rock machine, Model Series
240 modified with rotary segment erector, manufactured
by the Robbins Company, Seattle, WASH.

Trailing gear with conveyor,exhaust system and muck chute transfer.

Segment and muck cars
Grout Plants (2)
Drills
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23. RATE OF PROGRESS (TUNNEL)

The tunnel was started on 11 December 1978 after completion of
the outlet shaft. Excavation of the 235 foot long assembly chamber
and installation of temporary support which includes rock bolts and
shotcrete took approximately 120 days. Assembly of the tunnel borina
machine (TBM) began on 3 May 1979 and was ready for operation on
12 July 1979, a total of 142 days. The TBM began operation at station
9+80 on 13 July 1979 and holed through at the intake shaft at station
97471 a distance of 8,790 feet on 3 July 1980. Total days involved
was 355 of which 315 were work days with 210 days of TBM operation.
Approximately 85% of the work days were three shift days. Nearly
100% of week end days were one shift days. Of the total project
three Saturdays, 33 Sundays and six holidays were not worked.

The averaae proqress of all days was 24.7 feet per day, of
working days 28.5 feet per day and for days of mole operations 41.7
feet per day. Weekly proaress averaged 172.4 feet per week. Maximum
progress per shift was 36 feet and maximum progress per day was 90.0
zget. For a histogram of the rate of proagress, see plates 40 through

24. DEVIATIONS FROM DESIGN

Variations from the original Tunnel Abutment occurred in the
following areas:

a. Station 10+42 to 42432, deviations occurred durina the start
of the mole due to operational difficulties. The borina machine went
.595 feet below qrade in the first 300 feet. Corrections to a .65%
grade from a required .5778% brouaht the mole back in Tine in 2,285
feet or station 47+32. The tunnel profile showing the deviations is
shown on plates 10 through 16,

b. A value engineerinc proposal to modify the 200 foot radius
curve between stations 95+58,94 and 97+A1.70 to a 5,00N foot curve
radius was accepted. The change would eliminate the drillinc and
blasting method of excavation for the last 229 lineal feet of tunnelina
and allow use of the tunnel borina machine and precast concrete sea-
ments to the intake shaft.

c. Deviation occurred from the value engineering proposal
alignment between stations B86+17.86 and 97+89.67. Variation from
the design alignment varied from the design alignment by two feet
below qrade and seven feet off the center line at the intake shaft.
The deviation from alianment in this section 1s shown on plate <.

N
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25, CONTRACT MODIFICATIONS

The contract modifications issued on the tunnel portion of the
contract are shown on Table 5, Tunnels and Table 6, Shafts.

26. DESIGN VERIFICATION

a. Tunnel Loads. Rock loads on the precast tunnel liners
were estimated during design to range based on the quality of rock
~tructure from 0.26 TSF for the best average and 1.75 TSF for the
tault zones. Load computations were based on a density of 2.66 BSSD
for the shale and 2.75 BSSD for the basalt. The precast tunnel liner
was dezigned to resist the rock loads as estimated for the worst
(fault zone) rock conditions included on Table 2 in DM No. 9, Auxiliary
Conduit Tunnel. This value was later reduced 50% in accordance with
a conference with OCE on 25 May 1977. The precast liner analyzed in
DM No. 9 as an eight segment circular member connected by pins was modi-
fied to a four segment unit by VECP #2. (See Table 5, Modification
No. P00005.)

The resulting rock loads on the liner are approximated from the
stress forces resulting from the strains imposed on the liner (see
Table 7). Visual observation indicated that the precast liner had not
been overstressed on the final inspection of the tunnel prior to
flooding. The magnitude of rock deflections and the resultant strain
is shown on plates 21 through 30.

A re-evaluation of the rock loads using the interacting graphic
tunnel loading program developed by the Technical Report - GL 79-15
Rational Design of Tunnel Support dated September 1979 is shown on
plate 46 as an example of the load configurations by different joint
sets,

b. Groundwater. Groundwater was predicted during design based
on data from both zone and falling head permeability tests. Rates of
water inflow during tunneling predicted in DM No. 9, Auxiliary Conduit
Tunnel, Appendix E, that groundwater inflow would be 0.51 gpm/1f for the
best average condition and 6.2 gpm/1f for the worst average condition.
It was predicted during design that the best average condition would occur

in 88% of the tunnel and worst average in fault zones in 12% of the tunnel.

Based on this average water inflow in the unlined portions of the tunnel
water inflow would approximate 0.6 gpm.

Water inflow records were measured at a V-notched weir at the outlet
shaft. Volumes varied based on the volume of ungrouted unsealed tunnel
exposed at any particular time. A plot of the water flows records is
shown on Figure 1. As is shown the rates vary, however, the mean is
approximately 0.5 gpm/1f. The high water inflow in zones projected on
the basis of weir measured pump out and the results of secondary con-
solidation grouting are shown on plates 5 through 19.
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TABLE 5

PARK RIVER LOCAL PROTECTION

PROJECT, PART II-AUXILIARY CONDUIT, HARTFORD, CT

CONTRACT NO. DACW 33-77-C-0099

TUNNEL

Description
Modification No. P0O0005 (JC #3)

The size of the precast segments which
make up the tunnel liner is changed from
5' x 9'+ to 6' x 18'+

Reason for Change

Value Engineering Proposal
by contractor (VECP-2)

Cost: $17,176.00 Decrease

Modification No. PN00G7 (JC #7)

Provide instrumentation for one ring
of the precast test section

To show development of bearing
throughout the full length of
the tapered longitudinal joint.

Cost: $19,082.00

Modification No. P00008 (JC #8)

Modify joint seal requirements at
transverse and longitudinal joints of
the precast concrete tunnel segments.

To get a better seal of the
joints based on actual precast
segments and loading test
perfonnance.

Cost: $63,008.n0

Modification No. PNO011 (JC #12)

Secondary qrouting of tunnel liners
required in areas of high water inflow.

To reduce the amount of water
being lost from the various
rock formations and minimize
the possibility of qround water
drawdown through the till layer.

Cost: $95,8560.00

Modification No. P00012 (JC #13)
Change Hpint sealant for precast tunnel

T1iners from epoxy mortar material to
cement mortar material.

31

1. Evaluation of epoxy material
revealed potential for adverse
physiological effects on persons
working in the tunnel.

2. Surface to receive epoxy
sealant must be clean and dry, a

condition impracticable to obtain
in the tunnel.

Cost: $34,984.80



Description
Modification No. P00016 (JC #17)

Provide additional readings for
piezometers, observation wells and
settlement instrumentation.

\

Reason for Change

Due to delays in completion of
the project, piezometer, observa-
tion well and settlement readings
were required to be read longer.

Cost: $19,164.00

Modification No. P0N021 (JC#9)

Modify alignment of tunnel at west end
by increasing radius of curvature to a
5,000 feet radius to allow the tunnel
boring machine to excavate and place
precast segments to the intake shaft.

Value engineering change proposal
by the contractor. (VECP #1)

Cost: $81,652.38 decrease

Modification No, P0N027 (JC #27)

This change which oriainated as a claim
in the VECP #1 area of work provides for
payment for additional expenses due to
severe fault zone which caused delays
and inefficiencies in the tunnel

boring operations. In addition, since
alignment and grade could not be held,
additional work had to be performed at
the interface of the tunnel and the in-
take shaft.

32

The contractor encountered a fault
zone containing clayey material;
this condition was claimed to be
beyond that which could have been
anticipated from plans, specifica-
tions, design memoranda and ex-
ploration borings performed during
the contract period.

Cost: $530,196.00




} : TABLE 6
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PARK RIVER LOCAL PROTECTION

PROJECT, PART II-AUXILIARY CONDUIT, HARTFORD, CT

CONTRACT NO. DACW 33-77-C-0099

SHAFTS

Description
Mod. No. P0O0016

Provide one foot of crushed stone
under outlet structure base slab
(Note: This modification includes
other items not included in descrip~
tion or cost.)

Reason for Change

Stone was needed to provide
working base to construct base
slab. The material encountered
at the elevation required was
too soft to support the slab.

Cost: $2,550.00

Mod. No. PQ0017

Buried obstruction

Additional labor and equipment for
removal of obstruction

Cost: $28,695.00

Mod. No. P00018 (JC #19)

Provide payment for Phase II
cofferdam sheeting left in place.

Phase II dike had failed on several
occasions pointing out possible
foundation problems. Leaving
sheeting in place increased the
stability of the foundation area
and tended to prevent damage to
outlet structure slab.

Cost: $40,000.00

Mod. No. P000T9 (JC #20)

This change which oriainated as
a claim required a more expen-
sive earth support system for
the intakeshaft than that which
the contractor submitted for

g approval.

The oriqinal contract drawinas
provided a loadina diagram for
the contractor to base his earth
support desiagn on. This diagram
did not include the loads from
Pope Park.

Cost: $57,706.00

Mod. No. P00020 (JC #21)

Additional rock excavation of
Broad Street drainage shaft.
(Note: This modification includes
other work for which description
and cost is not given.)

KX}

Rock was encountered at Elev. +38
rather than at Elev. +38 as shown
on the drawings.

Cost: & 2,580.00



b Description
Mod. No, P00024 (JC #24)

This change which originated as
a claim provided for controlling
water in outlet shaft by consoli-
dation grouting,

Reason for Change

Contractor claimed a changed condition
for artesian flow from the rock at the
outlet shaft. A review of the claim
showed that the water was coming from
boreholes put down by the Government
during site surveys,

Cost: $18,456.00

Mod. No. P00028 (JC #28)

This change which originated as
a claim provides for changes fin
the configuration and construc-
tion procedures for Phase I and
Phase Il cofferdams at the out-
let structure area.

34

Fill material from excavation did not
have sufficient stability to hold

the proposed dikes as called for on
the original plan.

Cost: $120,000.00
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G. SHAFT CONSTRUCTION

27. INTAKE STRUCTURE. : |

a. Construction Method. Earth excavation was made with tem-
porary support by a single row of PZ-27 sheet piles supported by
internal W 24x100 whalers at approximately ten foot intervals from
elevation 40.0 feet to the top of rock at approximately elevation
0.0 as shown on plate 47, Additional support was provided by
internal framing with diagonal corner support comprised of W 14x119
whalers. The intake box foundation was excavated in rock from
elevation 0.0 to -16,29 in two 1ifts using 17 to 18 foot deep pre-
split holes for the periphery of the cut. Pre-split holes were
18" CC except corners which were reduced to 6" CC.

Shaft excavation in rock consisted of a transition section
from the base of the intake box at elevation -16.29 to -41.07 using a
pre-split corner round to a circular section of a 26.5 foot diameter,
The shaft was then excavated using a 25.5 foot circular section using !
peripheral pre-split holes 1.5 foot on centers from elevation -96.57. ‘

A1l blasting was performed using a Hercules Unigel with a powder
factor for the 3/4 inch blast holes of 1.35 VF.

b. Equipment. Excavation removal performance in both the earth
and rock was Ey a 100 ton crane and bucket. Material was handled
with the assistance of a TD450 dozer, a 977 loader and a Bobcat tractor. -

¢. Rate of Progress. Excavation inside of the shaft began on
26 October 1979 at approximately elevation 45 and was completed to the
top of rock on 21 February 1980. The first blast of the pre-split
holes was made on 27 February 1980 and was completed with the drilling
and blasting of the tunnel and shaft construction on 27 September 1980. !
Concreting of the shaft began on 28 September 1980 and was completed to
elevation 40 on 16 April 1981, Details of the shaft construction pro-
gress are shown on Plate 44,

d. Deviations from Design., No major deviations from design
occurred at the shaft excavation, however, the shaft was redesigned
to accommodate the tunnel misalignment which occurred in the area of
VE #1 after the mole drifted off course in an area of fractured rock.
This required a revision of the lower portion of the shaft which is
shown in Plate 47.

e. Contract Modifications. Two modifications were involved at
the intake shaft. The first was for a change resulting from a modifi-
cation to the load diagram provided on the contract drawings and by
the tunnel misaiignment in relationship to the shaft. The initial
modification is shown on Table 6 Modification No. P00019 and the second
modification No. P00027 on Table 5.
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f. Design Verification. Support systems were monitored by
use of cross section surveys during construction. No strain gages
of other monitoring devices other than the audible failures system
were installed. As built drawings showing the final modified shape
of the structure is shown on Plate 47, :

28, OUTLET  SHAFT

a. Construction Method. The shaft was constructed by driving
PDA and PZZ/ sheeting from the existing ground surface at elevation
+13 to elevation -36.0 whereas the original scheme was to continue
the excavation with liner plates to the top of rock at elevation -70.
Settlement of the upper sheeting which was bottomed in an extension
clay zone required a change of procedure and sheeting was driven inside
the upper section from elevation -33 to bedrock following the installa-
tion of approximately five rings of five gage liner plates. Inside
whalers varied from W 6x25 upper to WF 12x65 at the lower elevations.
A concrete ring was poured between the upper and lower sheeting and
liner plates were used to extend the upper sheeting to produce a coffer-
dam to elevation +27. Spacing of the shaft rings varied from four to
three feet. Excavation was made in the earth section by use of a clam
shell and dozer.

Rock excavation in the shaft was performed in half sections using
55 to 60 shot holes at depths of 6 to 12 feet in the initial cut followed
by perimeter trim shots at a four foot depth on 12 inch centers.
Explosives used were Hercules Unigel on the cut shots with Hercules E-
Cord and Hercosplit on the perimeter trim shois. Approach to tunnel
grade was made with bell out shots which made the transition to the
horseshoe shaped mole fabrication chamber. The chamber was constructed
in two 1ifts separated into upper and lower section at E1 -131+. Periph-
eral holes in the tunnel section used full pilot rounds and presplit
holes on slash rounds.

b. Equipment. Excavation removed in both earth and rock was
performed Ey a 100 ton crane and bucket. Material was handled with the
assistance of a 977 loader and Bobcat tractor.

c. Rate of Progress. Excavation within the shaft area began on
1 February T97/8 and reached rock at elevation -72 on 5 Auqust 1978.
Rock excavation proceeded immediately and was completed to elevation
-150 on 11 December 1978 with the cleanup and concrete invert being
poured on 30 January 1979, No activity took place at the outlet shaft
during the driving of the tunnel and work was reinitiated on
1€ September 1980 with the fabrication of the cofferdam, Work was
completed on August 21, 1981 with topsoil and seedina. (See plate 45)

d. Deviation from Design. Several deviations from the planned
construction procedures occurred as are discussed in paraaraph a.
Construction Methods. Further deviations occurred as result of the
change in procedures with a resulting offset in the vertical alignment
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by one foot six inches to the northwest. The final as built struc-
ture is shown in detail on Plate 48.

e, Contract Modifications. Five contract modifications amounting
to $209,707 occurred in the area of the outlet shaft. The first modi-
fication No. P00016 occurred as a part of a modification which fncluded
additional piezometers, observation wells and settlement readings
and also contained among other items the cost of placing one foot of
crushed stone under the outlet structure base slab. The second modifi-~
cation No. P00017 was for labor and equipment to remove a buried con-
crete slab and wood piles encountered during shaft excavation. The
third and fifth change orders which were the largest incurred were for
changes incurred due to the failure of dikes. See Table 6, Modification
Nos. P00018 and P00028. The fourth modification, Mod. No. P00024 was
a changed condition for water encountered during the excavation in rock.
A more detailed account of the description of the modificat1ons and
the reason for change is shown on Table 6.

f. Design Verification. Desiqn verification was provided by
electrical Tnstrumentation of the ring beams using two strain qages
each on the web and the flanges. Measurements were made until failure
occurred in some of the gaaes. Monitoring continued in the measure-
ments of the beam deflection by physical surveys. A safety system with
an audible failure warning was also installed to warn construction per-
sonnel of any unusual deformations in the structure.

29. BROAD STREET SHAFT

a. Construction Method. The shaft was excavated in earth using
liner plates and hand excavation methods. Excavation was made in rock
using a quide pilot hole and drill and blast methods. The linina was
a aqrouted cast-in=place RCP pipe.

b. Equipment. Primary equipment used for construction was a clam
shell and—gﬁ%ﬁﬁor.

¢. Rate of Progress. Excavation for the shaft was performed in
the earth portion by the excavation and installation of liner plates for
the first 29.0 feet. Rate of excavation includina Tiner plates was 2.6
feet per day. Excavation in rock by a drill, blast and muck sequence
for the next 121.0 feet was at the rate of 4.8 feet per day.

d. Deviation from Desian. No deviations from design was made other
than a change Tn the section Tn rock from Elev +28.0+ to Elev 38.0+ to
tunnel crown at Elev. 84,259,

e. Contract Modification. A sinale contract modification No.
P00020 was Tssued for $2,580.00 which included the change of rock eleva-
tion as noted under paraagraph d. and other work for which description
and cost is not given.

38




f. Design Verification. No design verification was performed
on the Broad Street Shaft other than the completed intersection with
the tunnel crown which was located within a few inches of the center
11ne of the tunnel crown.

H. POSSIBLE FUTURE PROBLEMS

30. CONDITIONS THAT COULD PRODUCE PROBLEMS

Conditions encountered during tunneling between Stations 95+42
and 96+75 resulted in high strains in the crown of the precast liner
section and failure of the invert at the test section at Station 95+54.
The high strain accompanied by increased loads from the hydrostatic
head of water during dewatering of the tunnel will result in Tiner
stresses in excess of those encountered during construction and subse-
quent fi1ling of the tunnel.

31. RECOMMENDED OBSERVATIONS

During any future dewatering it is recommended that close observa-
tion be made of MBX No. 10, anchor No. 1 (Elevation -71.0) located at
the test section at Station 95+54. This anchor deflected 0.6 inches during
installation of the tunnel and any further downward movement could repre-
sent a failure of the liner. 1If this should occur, dewatering should be
done with caution as the Tiner may require internal support to prevent
progressive failure of the liner and possible daylighting of the tunnel
crown to the area of Park Street and Pope Park.

I. INSTRUMENTATION

32. A complete documentation of the instrumentation including the plan,
type, uses and installation details is contained in the report entitled
Final Report, Geotechnical Instrumentations, In-Situ Stress Measurements
and Photographic Geologic Documentation Park River Auxiliary Conduit,
Hartford, CT. A copy of this report is attached as Appendix C to the
as-built foundation report.

J. DESIGN VERIFICATION

33. SUPPORT ASSUMPTIONS

The tunnel support assumptions recommended in DM No. 9, Auxiliary
Conduit Tunnel, Site Geology, Foundations, Concrete Materials and Detailed
Design of Structures, dated December 1976 were modified prior to issuance
of the plans and specifications.
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The 1iner design levels which were predicted on the rock load
configuration contained on Table 2 of DMNo. 9 were modified at a
conference with OCE representatives on 24 May 1977 to one half the
previously recommended liner design loads. The rationale for this
reduction was based on an assumed reduction of liner required
support based on allowance in EM 1110-2-2901 as follows:

(1) Use of steel sets as temporary support in the drill and
blast with an RQD of 30 or less becomes a permanent part of the
finished 1ining.

(2) Use of permanent resin bolts as temporary support would
reduce Tiner support requirements.

(3) In all mole operations the ultimate loading is reduced due
to the minimal shattering effect on the rock by the mole coring
operation. Final liner desian Toadings were for R0Ds of 80, 40 and 30.
Loads were respectively 0.275 TSF, 0.55 TSF and 1.2 TSF for drill and
blast and 0.74 TSF, 0.35 TSF and 0.875 TSF for mole operation.

Support assumptions for all other portions of the work are as
shown in DM No. 9.

34. GROUND CONDITIONS

The subsurface conditions discovered durina construction did not
appear to exceed the predicted support assumptions. The measured rate
and maanitude of loading as measured at the test sections is shown on
Plates 21 through 30. A reworking of the geologic information obtained
during construction into the computerized interactive load indicated
that the magnitude and direction of loading did not exceed the assumed
design conditions. A comparison of stresses measured in the liner seg-
ments and thefr relation to the magnitude of deflection in the rock
measured at the respective test section is shown on Table 7.

K. CONSTRUCTION HISTORY SUMMARY

35. The notice to proceed on Contract DACW 33-77-C-0099 was issued to
Roger Au on 27 September 1977 and based on the contractor's construction
progress chart (see Plate 44) submitted for approval on October 3, 1977
had a contract completion date (revised) of 26 September 1980. The actual
construction was completed at the outlet works on 1 September 1981 with
the final topsoil and seeding. In summary, the outlet works activities
opened and closed the work effort on the project since all major activi-
ties were carried on through this shaft. Major changes in schedules
occurred due to a five month delay during excavation of the outlet works
and a four month delay in arrival and assembly of the mole. The machine
moled and lined the tunnel in twelve months as opposed to a nine month
projected schedule. A detailed profile of the rates of proaress for each
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of the structures and a discussion of deviations from the contrac-
tor's pre-construction progress scheduled for the major features

of the contract is shown on Plates 44 and 45 and are in Sections F
and G. The principal milestone of *he construction from the notice
to proceed on 27 September 1977 was the start of construction at the
outlet shaft on 1 February 1978. Earth excavations at the outlet
shaft was completed on 20 September 1978 and rock excavation was
completed to tunnel grade on 11 December 1978. The TBM assembly
chamber and the back tunnel was completed by 3 May 1979 and the mole
was assembled and became operational by 13 July 1979. The TBM
hoted through at the intake shaft on 3 July 1980 having traveled a
distance of 8,730 feet.

The intake structure excavation in earth started on 6 October
1979 reaching the rock surface on 24 January 1980. Rock excavation
was completed to grade on 4 June 1980, one month in advance of the
TBM reaching the intake tunnel,

The tunnel became operational on 2 July 1981 after final lining
of the intake and outlet shafts and final payment was made on
25 May 1982.

Final cost was $24,457,493 including all adjustments and modi-
fications, an increase of 5%% over the contractor bid price of
523,248,1?5 and a decrease of 1% below the Government estimate of
$24,729,815.

L. OPERATIONAL HISTORY

39. Since completion of the project, the highest flow passed by

the tunnel was 3,400 cfs or 63% of the design capacity in June 1982.
The tunnel is now operated by the Greater Hartford Flood Commission
who report that they have no difficulties with the operation of the
auxiliary tunnel. A1l available instrument data including surface
monuments and MPBXs are continuing to be read by the Greater Hartford
Flood Commission as a part of the operational aqreement.

a1

-




40000

Y GROAD RTREET |
1DRAINAGE SHAF T

E 165000

PLAN

SCALE: ("» 1000

E 170000




!
“[EGEND ]
|

| NEW  EXISTING _ DESCRIPTION _ B
« 36580 3650 £igvar.ons
—F —x x—— EF —x Ferce
k. ath Ainatel Tree /:1ne

Grade to dran
A ERRIEE Stone wall
—_—— ' Lmitof confractors workarea

AAA S Earthcut and rock cu?
JIJ°0 Earen F.11

Earsh Fill with rock 5008 protecs. on

TEEE Earth eurdace (Fection)

J
v

rock cut {Sectian)
@®FD-5 U § Army Corps ! Engineers boring
5-93 Seismic Line
@ Tree
‘ .
® ! Deciduous tree ' LOCATION MAP
—_—
< | ’ SCALE tn MILES
{:‘, ; Evergreen Iree .o o w© o0
R
® Shrub
SPECIAL COMSTRUCTION WOTES
— NSD— —S80-— Storm Dramn »
| o o AS-BUTLT CONTRACT DRAMINGS
I rain lanhoie
8 DMH | OOMH ! INTERPRETIVE GRAPWIL LEGEND OF ROCK TYPE FROM TB CANERA = d
- D! i J Drain Intet
\ | Red to rwd-brown, massive bedding structure; pro-
L NSS— ‘ — 55 ‘ Sanstary Sewer | bably silestone or shale
j . ] Interbedded structure, generally thin to soderstel
ece ocB Cotch 8Basin thin beds: probably sandstons interbedded -un'.m{c
! oc siltstone
® SMH O SMH Sanitary Manhole ‘
H ¢ Gray to black, massive Dedding structure; probaoly
onNW CEW Water Line s stltatone or shale, possibly basalt
N Gote volve SN cetite acringecs sions sessing .,
[ ] [e] Pole Jointing approximately norasl to bedding, calcite-
healed in most cases, generally the )oints trincate
_— Gos ;. ne #t contacts between differing lithoiogical urits
[ ] Foundation Test 50””9 N x S’l" Somewhat T4ndom )OINting pattern, in wost cases
© Foundation Test Bar/ng 4% 5/,‘,- calcite-healed; probably basait
=74 Bedrock Exposv-es Fault zone, in Some cases fines present on brec-
L ciated surfaces, in others, caicite-healed.
Comera Rol! No. and Intermediate Sta. Mo.
AREAS OF SECONDARY GROUTING
Z3bigs volum of cement take and spectal notes on water 1nflow ad
TEST SECTIONS
L 18] Mltl Position Borehole Extensometer of Test Secticn
WATER LEVEL MEASUREMENTS
) Plezometer Location
oW1 Oservation well
GENERAL NOTES:
! Elevad ors reder fo Mean Sea Leve! Datum. |
2 Al g/#ar one are plus Sxcoptas roted otherwiee
8 Plane .oord nates reder bo M:tropoiitan Listrict coordin.re system.
& Flgurss 11 02xaons A CATE e PumIC o Loer wiEn =
Payment a il £e made.
5 Bid rcm cefeccnces acd sAun 0 IRE P wg$ For
Conven @02 enk, Inder o ¢ rcumstances shoad Fhes@  tems
e LSEd w PPouT SEtareace tr e SO8 A .cal. onS whict TOScrOE
the ok and b.d @m Shouid ~rnere be any .screpanc/ €8 Setwecen
e mork covered § Ihe 0T Femn cumbers 25 ohows 8N WHE IrdangS
and . A dne op@cibic #-on, rne soeciF cations Shail 30vern,
7
["vaLue -
¢ ENGINEERNG
N PAYS Figgs freld correcrions -
\ DIVIDENDS |
DEPARTHENT OF THE ARNY
L e Them D
B CORFS OF ANGINEENS
L WA, A0S
\ GRAFH 7 SCALE
: *
1+ 1000 Rt k™
q AUX{LIARY CONDUIT
[ 3 GENERAL PLAN
CONNECTICUT
oL
PammN
Al M




& : ) - ————— .

-

.

7+

[ =

CORPS OF EDNGINEERS A
%)
M":Ob
? 51":8 902 Dn}
o\ Nl
e flbl' \.\Q’
&
S
IR gﬂ\&“
\ o P

A

ah

D SANDSTONE, CALCAREOUS

INTERBEDDED SAND3TONE
AND SHALE

s—"p"

BROKEN ZONE AND/OR
BRECCIATED

SEISMIC LINES

PR . A U
y 9‘/"6' ~7 @ GEI-Z2 | D‘T‘
4’5/ ®/, K \‘966 \aﬂed dvrmq cwnstruction g\/i 7 ;1
TR )
<, \ 0 .
! 'S l ~ L 7 L 59
Actess ramp ond parking ares not | g ! \\»J / ﬂ;l"o
thown on s sheet For pin | L7, . N R / _20}.‘,; e
g see sheet No 27 7 i . “ \\Q»Q@, L e T
’ , [As-suitt tunnei iength s c," © IS e T
, reduced by 48.97 1 (See // ’ @ T TN — =
/ . . N
,/ / Note, Plote 4) S / ) o -
S 4 ’ ’ i - '
4 // ’ -
/ / o o
es .
B ‘ e / -
o v Fo-267 - ) .
a2 eor 2 0842077 - Presens / FO- (3(39'L) P
y (OW)12/30/75-3/2/77 (PZ)10/11/73 - Present (in FO-13) NIBEST IT5_—wac” Mﬁ
6/15/76 10/10/73 £ 163083780 SCALE 1% 20
EL. 85 80, T LR -
60 -
-
- ’X‘H’T\“//\J No O;fwl;z/dm C‘ ®
d 40 T LLJ.llLL‘JLJLJ“ ! wg':ff:u ho’:”b”d ) M‘Z eadish brown ond g9y 5//r_y vorved "”.V
w i effm"'a( cas)z.g
. s
w ¢ {
g : , |
20 L i
( — 3 b — — r___ e y - L ee— P —— ————— —_— e —
g -k ﬂ» - X SIIq Compoct redd.sh brown yrave/l‘y sity sand
of | L - w1 ond sandy siit (Ti1y) 4 ssemed edro &
z L 2 ) T~
':I " Nweathersd rocks
* -20 ' dond bovkiers
I : Zone of severely
w NN S Froc tured & brecero:
3 o ,: ( rock as recorded
-a0 i " during tunneling z:
: % 4 T~ As-built €.
Nj ~ S
N | — ”) q_(f -
= ¥ B Car,,. 0%, o
w -60 1 b )
w ) v U
N 4 .
L] S0 srame of ! :\ AN B2 ”"h;,\.
\<’ TUNNEL 3 B R . £
Z -0 | DIP AZIMUTH FREGUENCY N N S
(JOINT STRIKES ARE PERPENDICULAR) 3
t
z N 1 /- 9730
S-100 s ] 3 BEE
= I N N
< w' T3 N . . 20"
> s N ~ 4 Tl T 2ce,
o} 10 /»o- £ 3 JN 035 0 NP p P,
W.iz0b 5\ ~ § i ~ S~ - W u"°\" %N‘,q ('f?/ Jii’v A S
w 3 0 o -~ 3,
< - e \  stcoummay comrty
N -1 -~ ok —
-140 | 107 g0 70° .i == T Ty %o 4 -
o == | o,
WOINT FD - 26T sq 00 IR 00w vap, , , X
INT DIP FREQU Yy, e, er,
o LA oF TuRRE GPw  RIG 2 oy o Sy bor, G
160555 o ; - 2 Y > . ot o
99+00 98+%0 98400 27+30 97400 96 450 ’C:W
SCALE OF HARONESS GEOLOGIC LOG PROFILE
VERY HARD CANNOT BE SCRATCHED WITH KNIFE SCALE I* 20
HARD DIFFICULT TO SCRATCH WITH KNIFE
MODERATELY HARD EASILY SCRATCHED WITH KNIFE.CANNOT BE
SCRATCHED WITH FINGERNAIL
SOFT CAN BE SCRATCHED WITH FINGERNAIL
VERY SOFT OR PLASTIC CAN BE INDENTED EASILY WITH THUMB NOTES.
fo-20T on A. NPT-NO PRESSURE TEST PE
LEGEND owezn T TiE0E  LRSERIATION WELL s PIEZOWETER ANO RENIOD OF OBSEAVATION ASTERISK DENOTES SECTIOI
(/TS MONTH/DAY/YEAR EX’LORATION COMPLETED BE SEALED FOR TESTING
LNz EL‘EV;T"‘?':RO?F::RU "oxo SURFACE S0 P S (- CONSTANTLY MaA!
BASALT AND INTRUSIVE FLOW Sob: FOR 1 Y05 MINUTES VOLUMI
SUBSURFACE WATER LEVE PER MINUTE UNDER CONST

ARTESIAN FLOW ENCOUNT(R(D
RANGE ©OF SUBSURFACE WATER LEVEL CONTINUOUS AS SHOWN ON
AS INDICATED FOR CLARIF

¥ 30T TOM OF PIEZOMETER
UNIFIED SO CLASSIFICATION SYSTEM SYMBOL FLOW LOSSES
#. ROCK QUALITY DESIGNATION

Y NO RECOVERY/ NOT SAMPLED
PER RUN WITH PIECES LO

>,
e ™ ROCK TYPE SYMBOL
i by C O AND FREQUENCY OF JOIr
i D *$* INDICATES SUICKEN SID:
0 i JOINT SURFACE
o

\

{




F
1 ¢ " U S ARMY
™~
"R
<t
e 1 i - T e
, , . % 2
,(35,' c survey | < S |y
" duririg Yonstruction'
PZ &g
9 Rr g
oooat L : Ste. 33 ro00
L @ 5512 B pl‘“' x 3 Dec. 77
dming canstruction " ovE 55 it
> . 1
00,.
n 8’ 0-"¢9
o ,//’u;”ﬂro?se o5 BULT
i gu&ze DATA -2
a /7° k2
R 5,000.00°
-~ J 604,00
. ¢ o217’
FD-9T (38R)
(P2))0/28-12/30/78,
3/31778
- '~ EL 7684
N MRV v PLAN | 80
s e 1RITRC SCAL§ 1° io' o - “Reddish brown vorved choy wy sand layers f"
- - - St, (Strotitied and Lgminated)
Glacial loke beds
- Pz%c i 1%
| Reddish brown varved clay ond silt
L1n vorved ciay ﬁu w/sand seoms ( S1ratified and Laminated) " -
== ol
= LAl
i al T v/ P
— Glac' @ [— o J20
[ — R — — fgr“/‘"’edwsn brown gravelly, Sty - \ o -4
gravelly sty sond e clayey 501/:1/77/?) /1\’ \\\ \ -
Assumeqd Bedrock Surface ;”"’Q’"}“’ed f/\/ . T~ e o
w/rock froqgments = ~ ~1
’ fag, T
T rey Zone of severely 3 Z T~
ve :f’;; o froctured § breceiated e ?‘@a Baosalt-Shal foct -{-20
K Y 2/4’0 2o, rock as recorded .“% 1/7V$:’( -acaa: contes
O’ beay bop, i””;’?,/’:”g‘””’” \%_ﬁ?“ Possible fault zone based on .|©
. Tong, Ao : Cid rock srratigraphy, Location . lmee
LA and condition unknowr w L]
n x w
x
7]
-0
w |
z
______ _,4
-80
8
-
|3
____________ ~ =100
' ' -6
. I
SOPR g &, )
A Al M;'éi"l’ |
-1-120
SECOMDARY  GROVTING < , A B . 3 !
poil 'y
N nv!f nra
3 TAS £t Vrawing
Y -0
¥ ™ |Contract No_ DACW 3377-C.0099
0% 0 J % -
- R2D é«’ofa
" A L N s N
%430 %6400 354%0 35460 T #3400 %0

SCALE 1°= 20'

NOTES.
A NPT-NO PRESSURE TEST PERFORMED
ASTERISK OENOTES SECTION COULD NOT
BE SEALED FOR TESTING
80 P8 1 - CONSTANTLY MAINTAINED PRESSURE
FOR | TOS MINUTES VOLUME LOSS IN GALLONS

gb OF OBSERVATION

43 INDICATED FOR CLARIFICATION OF LOW
FLOW LOSSES

ROCK QUALITY DESIGNATION - PERCENT OF CORE
PER RUN WITH PIECES LONGER THAN 4 INCHES.
DI AND FREQUENCY OF JOINTS

“S" INDICATES SLICKEN $IOKS ON NATURAL

JOINT SURFACE

o

EOLOGIC LOG PROFILE Sta 95+00

Turnel Inv 1. =-3673

PER MINUTE UNDER CONSTANT PRESSURE. TESTS
CONTINUOUS AS SHOWN ON LEGEND. SCALE EXPANDED

Fingl riesry Eﬁfccfraﬂf '4_1

NOTES CONT.

D.FOR AVAILABILITY OF DETAILED
ROCK LOGS,COLOR PHOTOGRAPHS
OF ROCK CORE, ETC. SEE SP-5°
PHYSICAL DATA OF

IN'.TI RPRETIVE PHOTOSRAPHIC LOS

DEPARTHENT OF TNE AREY
BEW ERGLANS DiVIgIOn

KN TWATER R ESOURGES DEVELOPMENT P
2 4 PARK RIVER LOCAL PROTECTION
AUXILIARY CONDUIT
PLAN AND GEOLOGIC LOG PROFILE
STA 99+00 TO STA93 +00
ATFORD 11

SPECIFICATIONS Reisiniriupprbuinrtr i

-~ecap 7O LIt OF THIS AEFOIT

PROJMCY YYER

[

[ SACWYS-T7- 8-

PAR-2

»
PLATE 2



\

N 148600
80
60
-4
o 40
>
w
-
20
<
(13
w
[
z
L4
w
Z .20
W
>
o
o -40
<
[
w -60
w
'
Z -0
z
o
=100
L
>
w
4-120
w
-140
-160

Gor 2D

Sheer 3 SF2

Match e

STA._ 93 + 00

MATCH LINE SHEET 9

- As Bui't € §

=z

varved (/10Y .. ’/CFL
=

/

FD-24T(28'L)
1/2/78
EL. 80

r

FO-1T(27'0)
2/18/13
EL.0428

0

DIP AZIMUTH Ff
(JOINTS IN BASAI
(STRIKES ARE P

NN

Sar 1y

A
fro. 4

17 ments)

Red -brown grovelly
(Sondy) cloy Tl

infloted zone

/Cssamed Bedrock surfoce

T~ ,ﬁ/ N

GLACIAL Tioo
5000 f/sec

/ - N—— L ‘
- /f — T - o
Q000 Fifsec
—

e —

S,
2., 0

Cgl‘n‘:‘/%? Possible foult bosed ypon

T, §;: o stratigraphy, locelien and
T e %, conditron unknows:

MPEY # 9
Sta. 90 +398

o g!:; ( ‘
L] R
S 1 \
ol» ‘
—__._‘mié — L ‘.
90400 Te9450 ‘1 [14d
93400 3480 35400 IE 3T+50 90480 % T’ 300 —
GEOLOGIC LOG PROFILE N 20
SCALE 1"s20° o Bz \\\“
ey 776t = Qe Strike o
PRI AN =35 a7t
#5 ”~ S
L g. S
Goder VA
gL s senss ol 11V, JOINT DI
120 *he "R ¥ Fo-81 A

DIP AZIMUTH FREQUENCY
(JOINTS IN SHALE BELQW I160' DEPTH}
{STRIKES ARE PERPENDICULAR)

" e e e




163900
€ 164000
£164100 |

] Sty 86+50

{
|
[
|
|

SAect

}
|
)

K
Maitch 1

FD-8T
DIP AZIMUTH FREQUENCY
(JOINTS IN BASALT BETWEEN 110'- 160’ DEPTHS)
(STRIKES ARE PERPENDICULAR)

2400 200 FD-8T
- ' JOINT DIP FREQUENCY
FD'oe;l’/(’? L ' (BASALT BETWEEN {10'- 160' DEPTNS)
EL.93.26 N (IN PLANE OF TUNNEL)
150*
BT e JOINT DIAGRAMS ;
[ 7 -
- © — 4 Reddish bramn, Sondy SiE(TiIi]
T ———— vl //-wM few prces of grevel | riee
Pe/drd/sb brown S,Mdy c//or ’//} m‘dl,dmd . f {00

SLACIAL Tioo CL| Wrew preces ot gronel [T Assumed BT \Inflared
$000 11 /seéc

S— — L’: B Z —_ y. Zone _‘l 460

8000 F1fsec A ¢« ~ SHALE, rey.
=l g ~— T ’ brom, M0 B0 4,
N Pe ~_ %y, % hory 140
S A 3 S o
Bl pe ~ "5t o
L R4 ~— ) """069 o +
= » <
= '] 2P (/7; 7% ~ ~— 5 ey, Aoy 8 To
- s, < Lo, o p — \“’% <
Ry 4 ey, -

I k14 92'04/ e, T~ sarl

B4 o ~ Pory, ~ 1°
= by s Y to S ~
S (PN

M

{
3
<

i

7

Zone of numerous closel,

Spoced se
and fractures, M.ny s/‘:pb//y o,oeffv o
Iroces of gouge omo slachersides

A

A 7K

S jornts

Sty

a2 B!

MATCH LINE SHEET

JOINIS[J 77 7 77 7 73

DEPARTHENT OF THE ARNY
HRW EROLAND DVISION

OBNFS OF ENGINEERS
WAATHAN, BASS.

(Tt o] v':,n;n l;t:sounc:s oevmnﬁ_ug 'T e
g 7 <1 PARK RIVER LOCAL PRO |
t-!m-m AUVXEIL 1ARY couourrc

g Dagseel| PLAN AND GEOLOGIC LOG PROPLE
RO STA. 93+00 TO STA. 8650

- QQ Strike of

Tunre!

N T o

2o . JOINT DIAGRAMS
. 1800 FO-8T
180° JOINT DIP FREQUENCY
(SHALE BELOW 180" DEPTH)

(IN PLANE OF TUNNEL)

saeutcr rrIm

L AL
PLATE 3

TO P LI OF THIS REPORT

» cLorEny ' v s . '.IW—---




_ g — -
o
CORPS OF ENGINEERS o. -
9| 3 <} 2
3 : : 3
« ?ht \ § | L :‘
@| cms ﬁ e o | w
QL, I w2 B e S -t s [ L
‘c\ r lad — —— s
0 ——t— ~7
N e o _sums_ . ame L
E o ’ ST 7 T ) ST ) Q" o ) ) fk-d f 3 —%\
N - S $88%09-03 € Sa sang _EAux Conduito S N -
N w 3 b :
N ® L e
b e T T T — - - - -l usil - - - R
Y v ' 1 52
48600 : R - - -
NaRsR : e
- [4
Y v
5 24 N
L 4
= 2%
PLAN
SCALE 1*20'
FD-14T(27'R)
ool 8/22/75
EL.89.23
—3= R 4 4 . T T s I - B - - - e -
sof Cc [ Feg oz qrarsty senty oy (Ted) v .7 o
o 2L |Red boomn graveit, e ey 5000 f T/ 5= —— Assumed tedrotk surface
TR - Fant - 5 -
; ~__ T ~ s ——
5| i Zone of Inflat.on ASR .
sor 2 I S ‘; z A R ;
£ 4, — —— o
3 74 e .
| ~— —_ 4/0»5,45:'/&»5'” . -
40f —~ 7o ICG e, o .
S 935, :Ea/,, /$ ZOC e F T/SEC. -
| — Shos (e T~
! St T el ey =
zor' - PALE T ~— Teus ™ <
| —~— 'y’ayl . -~ -
3 . Oderqn
L 2 E \S‘\\> Th— ey /10,0/ -
9 ©0 /7”445‘ VL py ~— .
4 © 1oy ('7 — vy '/\ ~ -
(2] . S N - [ -~ ,
= a Obo,e/ locg, BhA, ‘ase, T j
-20f L =
- o —_ e :4”4’ ang ~—— ws -
w
i~ o,
w — o 4 e, . —
Yok ‘ " e
z yr‘,y T
= Ty o4 s
z ! &5 rof wk o .
=4 40/0/ ' oo, ” @
- -eop i 4 & 'y ,,f «
a
< > & o
w
- ool- KoL 19
w - Peeme= — - b b L N |- - T o T ST L L L L m L LT S = e L T o [, i .- o
° pet -
e e T8
- <
AUXILIARY CO 1T
wk s
-100} ¥ N o -
z B B I I e dm oz
w o
-120 3 «,’"“
SEconi
T =~
IS) of®
- Six
- 140} < T
= 3 Sl
Yo, © & T NN
L % Wi '
-160 " %74 1 1 = P i - A
86450 86 +00 85450 85400 84450 84400 83450 83400 824!
el 5to 86+17.91 back station equivelent
to S5ta 85+68.94 oheod afation.
" 90* STRIKE OF
~YUNNEL
1200
2100 10\" 180°
787" 80" g 80 1800
FD-I14T JQH!T QIAQRAM§ FO-14T
JOINT DIP FREQUENCY DIP AZIMUTH FREQUENCY
(BELOW 100’ DEPTH) (JOINTS BELOW 100 DEPTH)
(IN PLANE OF TUNNEL) (STRIKES ARE PERPENDICULAR)
- -y f




- U. S ARMY
1 N
) b4 £ 164,600
2 3 . 2
- 3 R <
Ql @ l w (< . - ®
i = w i . A }5 FSy R o ,'“ - E
b P
o
S fuRB. L uNe R T = —-———-—-JF—--F"
’: o
P aang ,E ‘i’”L,,:,o./,’i',','/,') S ,g - L &
N RN
SRS —-,A_i,::, RIS oiTTo =438
:5,,- AT T—— é’
- I - ]
&
N
S
3
L AN
jE 1*-20°
FD-10T(30'L) 4100
6/6/74
. EL.80.0
——e— = - — ™ o
R ——— ASsumed tedrock surface : T 180
v (L Red trown o <dium fo Fge . /II’/)/ la (7-,/// —
™ 4 Tree
b T Zone of mf/amon - e e —_—
,}n t 5000/ //sgc 160 .
7 —————— -
Tiol
#2000 LS oo ,
» S, s
_UU‘T 8 Jzo
-
\ . B b
-~ G S0, N’ 000 £ 7/ ‘@
L one 4 T . 4o
sy, 5 % o 8
s/ b L~ I 0
~ e Gle, T~ % %
”
> ~— Couy ! o e ; 420 i
Y any — =0 g ) :

~— 4, /6,\\ o - |
ey 669/0/64/\'4 4e,-‘/ /"\,J J.e0
. K] ’ ‘Soflci/y ‘
.,\‘{ & ,,&'. ?"Q’ Y "ﬁx . s 5 \{
j’ o P o & g ‘ 4-s0
N ‘J’ - R\ M &

.
-
|
)
b
i
|
|
—,
<
i 1
<.
I
.
@
o
‘

~N
2 e =
O&l'r m
- I
- » +4-100
w
z
0 - 4-120
ke SEoNOALY GRoUvTING Iy
s
Fa
a0
=T 4-140
<
g
L 1 ‘ 1 , Y N =
83430 83400 82+50 82400 81450 81400 80+50 80 +00 60

A
A
5ta 86+1/79! pack station eguivolent J' Va U\F

L7 ENGINEERINS

St2 85408 94 akheod #totion. “':.‘L“.'E{E ’gr THE ARMY

. tavs conrs of hinEEas
o ups
N 4 PARK R'VER LOCAL PROTECTION

PLAN AND GEOLOGIC LOG FROFILE
STA.86+50 TO STA.BO#OO

INTERPRETIVE PHOTOGRAPHIC LOG
P | moeer e PAR-2 " ‘
SO CANPHIC LEOEND ASE PLATE 4 .

TO PLI OF TwiS REPORT




—_ —— -
i
] F ENGIN
[«
g g
: (e RIGHT of P4
k- — l % ! ! q w|
o _ - v | i X
SR e 'z e
F— — B LT BLIDSP " = = - - * - .~
S : / AT : —
3
T - ;};
b . . . -
§ S Cwd aaboee 8 o re w8 segogore TN\ 4,8
N 148600 I =+ & ? CE aux Condurt R SR
t { — 1- - Ty \ .,
= —3 e g - —7 t
VQ\ B £ Bt ny - — p s .("0"’/ -
& 4 1 T
~J H / Broad 51 Dronoge Shult
< b 4 mour O N -/48590.79
K I D E-165/43 71 N
= Sta. 76 + 0900
PLAN
SCALE: 1“2 20°
N
&
e
8
FD-20T (53'L) o
12/1277% =
sor EL.71I17T = @
k:::/ﬁ'”'s}’ 97%; clayey, sandy, silt (Stcotitied)  ETVETT T
60
Redd)sh brown grovelly cloyey s.t#, sond (Ti1/) |
o #
aol o
b — —
8! 12000 Fifsec =
- %o 2
[7:3 "
=
w ofF S
> — -
g < | Thin, weathered sone T
Lo - ) \S‘/,/,q<€
,u_, -0} > - | Weathered )
w I
w !
2 -eof !
2 =
=] I
~ -e0f w
q
> &
'1)
w
@ -eof z
- — =
T
b
<100} oy
= S
120}
> I
A
[N
-1a0} R
kY — %
L, S (379
he\ > Ort‘zl‘f"b Y orin
-160 i i L cone e L A "
80400 79450 79400 78450 78400 77450 TT+00 76450
GEOLOGIC LOG PROFILE
SCALE 1= 20°
w20 10 e 20,
. %;m
~= 10
70 , o
" As Bui
DIP AZIMUTH FREQUENCY INT DIP FREQU Y "
FD-207T F0-20T it -tk
(JOINTS BELOW 90', STRIKES ARE PERPENDICULAR) (IN PLANE OF TUNNEL)
’ Ay
- BRI SR LR P U I B S
N a




i te— ~
. 8. ARMY
U. 8. Al )
: g 7
Lol o)
v % PR TR
w cMs / H w w F
éo g " - -
“e :,'7 - ) @ u-l\ cw _ <y e i A‘lp
T T -7 = _:;;ﬁ' = — i T N
_________ SURe_ _ _.NE = B
cra PR S ses-09 01 .
€ Aux londut R “1 m
§
@
{ / S
Broad 5t ODrainage Shaft 'qu’ o ! 3
F g is8590.79 2 L L RN S
D E-165143.71 N ° ' 5
Sta 76 + 0900 H | 3
PLAN
SCALE 1"=20°
3
8
3
s
N *
N FD~2iT (27'R)
8 8/i15/74
B EL 56.85 190
!
sit (Stratiteqy ETETTT T
— {80
[loyey, si/8, s2nd (TilM) 5000 F1/Sec ) ‘g\”__‘ °
e e — —_— su| Redgraveily, s ——— 0
. ) clayey, coorse m fine sand (TILL) -
'y, med ur v i:ne sand ( Vi, L£3 14,000 F//SEC "0 leo
— z Assumed Bedrock Surfoce Redq f’l\'r//g 3ilty, coorse fo fine '\
N S sand (T/LL} a
o - T _,Wmow p
) 3 N q20
‘ N
. n 3
b doret 1 n! X o
Coce, P be N B
e ous 5(9’77'7 Sligr #, " ‘.rl s
req Y wey ., h N 1
req, - N
i [ -
!“ } g 20
oy N S
“v A 1 ©
T oy . 3 2 J-e0
”a», [ 3
[ : For Broad Street = ;
[ Orainoge Shaft w
1 See Sheet No. 42 x T.o .
I
i w
| z
| MOOERATE L 4-80
_ T . S - - SELPAGE e e e ol
. D Ax
1o
[us
« +-100
| - - . o 5:05778% —= ___ ﬁ___%’
b r 4-120
“or, . Ww W ,"9
N
s SECONDARY  GROUTING J.,‘o
“q
e
" " " A e i ' " -160
7 +8C 77400 76430 76400 75+¢%0 78100 74450 74400 73430 :
19-15 | D7 i Shof¥ coordi gl
61C LOG PROFILE Aw_m‘ﬁmm
SCALE '+ 20 Dl’mglﬂ OF THE ARDY
00RPS OF ENGINELRS
WAATHAN, EASS.
WATER RESOURCES DEVELOPMENT PROJE
PARK RIVER LOCAL PROTECTION
AUXILIARY CONDUIT
PLAN AND GEOLOGIC LOG PROFILE
STA.80+00 TO STA. 73+50
' A B lt Dr 1420 B’
$ bui awm

..uu CUNG W 24T7, 0099 INTERPRETIVE PHOTOSRAPHIC LOS

PAR - 2

e l swoMLT TYINE

“ N A PLATE 5

} o
e, SN Bl ""”TWW




R 4 IN

P25 1605
3 Rr & Sre2roo O wAY
& Z De. 77
9
N 148600 &
N
X
b
<
[
)
£
N
<
N
s
¥
FD-2 T(30'R)
{P2)3/22/73 - Present
372773
EL.69.52
sor \
L__ ; £/ 1 69.73
— AT T ——
L V(3 Reddssh-trown stralied silty cloy
& c 5000 Fi/sec.
4 F\__,_———— L
~ 3 B Reddlishbronn gravelly silhy sond (7:11)
w 4} " ™
> ~ 1=} ——
w I =| _W —
Tl b = e HooorFY s
< o \
@ o e Sans, ~———
ok :“ S’O/v
=z X \
« * ~
w w
3 .20} z
w a
>
o b 4
@ -4 E
« <
e !
W -60
]
W
Z -00}
2
e 100+
-
<
>
w
: -igo0
Qe K4 ‘
L &3 SECoNDARY caNuTING :
-140 N “
' .
o,
1 L B 1 L ! nl 8
- 1
180 73450 73400 72+80 72400 71+50 71§00 + *
GEOLOGIC LOG PROFILE Ly > ) :
SCALE Te 20’ o b : A

...u)._NDs

NS
0
o ;
ro.—ou'n N FO -
JOINT DIP FREQUENCY JOINT |AGRAM \ n:o:.z'-.u:r‘:
M PLANE OF TUNNEL) i .io'/ 18cr Loms me




®
%
!
i
i
OAK STRegy

U. 5. ARMY
N ——

+ £ 186000

R,  STREEY §
é ¢ Aux Candu:f—f %S

3‘1 ke 2] [y
7 S -Pv ¢
3 7
733 »r -
3

Mofch line Sheet 14 Sto.E190

FD-16T(25'L)
1/23/14
EL. 74.64
l. -{80
© 7 — .A’edd/s}rbrowugrave//ysi/fysond
: Redd:sh brown gron/ly sandy
edrock Surfac = + (Tl e~ A deo
! N
~ T N o
~— —_— nflated zane 5000 F? /Sec. \Eﬂé,"j' I Infloted t’onei ?
P \ ‘4 ::, \% o 'G 140
I = S -
[ B a G b
10002 F1/Sec. @rgy Py, -
Y- 50 Loty /y”’% »  Jeo
. I Ve L
“te -~
J 8¢,
\ R e I
Q 75, or,{y afgd) ,15'44/0 li;
\1 L™ - /e be :’7 oo 7o, w
N o o, w 4-20
3 z
; ]
\ e R I
\ . = e
3 :
N +-60
S|N= D
7 ' 'ed‘b \
’~ be S0 ""»«q
.y S XLy Song M -0
] B~ e S Y 2ang 7 1
A
= s oy
— Sopq 0w
: 1-00
2 N &
{-ro0
UA V7
S N "’ i 4:;5»?5(00€
o3 SECONDARY GaovTINe You J‘,q,voso Shrg
X 10023 70N U E o, 1140
by GPM *» Crata, .’ rey 44«0:7
ol 200 Y oy Tow, Me
\n‘l.‘ L4 /o
L . L
L Y5450 o n s wiw———eAws %
JLOG' . LOG PROFILE I P
SCALE (v 20" L : >

PLATE 6

>t DEPARTMENT OF THE ARMY
NEW CNELANRD DIVIRION
WN 0' lmnm
".. % = T |72 [WATER RESOURCES DEVELOPMENT PROJECT
b‘hm PARK R'V)(ER}?%%%ROTECT'ON
- BRG] 000 SPR0 0 g
73+ 6T+
' ~.~'5' hdz anvrono CONNEC
1. 20 'H*#’
240 .
T DIAGRAMS RS o AZINUTH PREQUERCY INTERPRETIVE PHOTOSRAPHIC LOS
200 190° (JOMTS BELOW 1D2 DEPTH) T AL B s PAR-
- s (STAWES aRE PERPENDICIA AR) i Mtk ——tHEET (3]
mOR asnwmwe LEOBD MEASE AW
;\ TO RU OF TS RERNET
- ~ el . .




< . —
- e X
€
A [ ] [4 ? '
CORPS OF ENGINEERS | } Il ‘ ‘
9 o
Q 9 @ . . g
N & RIGHT ¥ ; of war 3 B
48600 N Jowoor | H . u
oA ¥ B wl 'Y PGy
of —. —_ . cMS \‘3 I r e - P N 1) bo-
b a5 P I T i AR 3 P w—— b r
3 - - 7‘7?%'—‘: g %\nii Tine 7
< 79 7
£ % PARK . -\ 2.4 Sreeer i e ¥ A
by 2 3 558°-09-29F ) £ Gux. Londu » 3
‘) —
¢
2
<
Y
S
9
2 RIGHT oF way
2-{ wassoo —+ T PLAN
™ SCALE 1"=20'
-
3—1 i
wf —_— Assumed Bedrock Surface
' e e T
ot~ Wﬂ@ ‘) 5000 Ft/Sec
€0 o In floted Zone \ :’/74(5
+
™~ \
4 o ot ° —
W : e e i S
At
: " 1 1,000t Ft/Sec
- "
20 + -
- o
@ ¥
0~ 17}
z
w
- z
5 E 0 -
w T
> 2]
5 et
@ -40 - «
< =
[
W -60 -
w
[T
(s Z .0
e _LigHT3FCPME
2100}
=
<
>l e e e e T e e g et o o T — o T m o rm e e o me em mm rm —— em oY
w
o -(20
bt 120
7 -140 }
-1eo 7 400 88480 56400 §5450 €5 400 64380 64400 €3+50 ‘ﬁ
GEOLOGIC LOG PROFILE ]
SCALE I's 20'
‘7
U T e
[As Eui
foontau b -




° £ ¢ G
. . — I " U S ARMY
§
o
@)
- <! P ®
waY N 3 . v o | w‘ 8
®© 7 w = Y
N Wl 13 NSC &
\ w : -
. ; — g
- . s ] g
CuRrd - =
N w
N
rmger e 4 \ - i a & e N | ~ 4
RO N as 3 MPEBx 28 - X -~
Y .
— e e s = — el = 2 e 510 61/ ¢
- - - - — — - — [ e Sl T - = — <
e o s N . 3
%3 F44 ~ . $° ARK STRefy .
! %5 v w - v
4 z 80 Tz S
—_ & ! ! 83/ — / I
_— A \
=4 1
E4 . - ——<
wAY | ; ﬂt_ . -—'r:;‘ L kY
-+ 3 B,
PLAN N .
SCALE |"»20’

FD-18T (33'R)
(PZ)10/28 - 12/30/78
(OW) 3/17/T6 - Present

3/3/76
EL.82.09

|
|
7A ;;rrv;—:_‘d:dr/od Swrtace 5 ’ oo
——— w
—— ]
E ﬁk SHIIFE/Sec
\ Trnay ! dnaftolter Fone ° -Wga
£ '
-3
-~ +
e e S e e e - [\'\\‘“’ —_ [P — o
—— ————— ——— i, — so,r/”’:/)gﬂ?o(bw\ : a0 -4
s -
iy iz, |5
NI ”Dyrjv\A -
I ROl L
i (3
' s 28 z
¥ Jo
[72)
w
z ] L]
3 -20 B
x
(8]
[ 4-40
<
=z
{-60
-0 -6
{-100
1-120
=
Lo "0';0 » 97 o\
" 8, % by
, " ey 4 Jo,,‘z ‘o b0 YN )
S ~ = o @, ~ -140
GAM 2 S N e D, ~{©
ko 3 ¢, n? Qg
3 % B ¥eape, §§
E . 4 L i L
84+00 63450 €3+00 $2450 2400 81450 €1 400 $0¥50 10
GEOLOGIC LOG PROFILE
SCALE I"s 20'

DEPARTMENT OF THE ARNY
NEW ENGLAND DIVISION
CORPS OF INGINELRS
TALTHAN, BASL.

e v |WATER RESOURCES DEVELOPMENT PROJECT]
- 4 PARK RIVER LOCAL PROTECTION
TR AL AUXILIARY CONDUIT

PLAN AND GEOLOGIC LOG PROFILE
STA. 67400 TO STA, 60+50

Ae B - HARTFORO NECTICUT
|As Eui - ; o
: ) I AL 178 WO, DACWAS-T7- 8- O0R!
IC“:[ e '“" - 7 0097 -— INTERPRETIVE PHOTOSRAPHIC (1]
et KAt b 1o o PAR -2
m— a v M lnolev swERY 14
O SRAPNKC LESIND MLEASE AEFRR PLATE 7 -
~ ro Pu oF TVIS DT
v g
- o 4 BT AT




s

| Ste. 58 rs/

R S .
- e m e . —_—— —— -
— —yl
‘1
[ 4
A [} [ -] \
CORPS OF ENGINEERS } | L |
3 N
Y
3 .
o 9
. N - o . 9
N4 ! ! ﬂ- 7 e N 7o, ;
N ' e
3
9 ! . T4
s AP ’
3 g F.
K
14 * Lo J
HebbEaee Y e
5 3 : S _ .sa8m09.03£%
o - &T - — ~ Cuiegy * 7 & T " ¢ aunitiery Conduit
g . T . b Sta. S8 +5/ &
S
<
B
)
X
2-ysas500
~--_PLAN
SCALE 1°#20'-0"
FD-22T(45'L)
(OW)11 A4/78 - 3/1T/76
(P213/17/76 - PRESENT
8/25/78
EL. 733
3]
DT ° b———
st S Brown silty caorse tine sand
3 Pt ; - T Cyish . brownsil -2 )
Q S0
0u. . /Sec Red clo .
b S Inflated 2 Y Strotied
& one \/k Red gravelly coarse Tmesand iy
12 and ch/[yy sty sand ’
a0l
————
4 - 12,000 Ft/Sec
4 201
=z
¥
8 o
<
[
w
¥ -e0f
z g BRIKIN ZONE
L S X Possible Fault : Dk Gra.
g -404 3 clay shalewith o Y
5 P} \:" Num. £ ynconjorm. *4
£ o N andfe mylonitc
W _‘A’b € and carcife st -4
w -sof F “ steeper tran beds
, & N} 3 fo 40°¢ W imax) .
f o,;r’ * Y dip indlicating 5o 4
5 3
-804} \} a 2
< N §
\

74

-120}

MATCH LINE SHEET 14
,l
{
ﬂl—f
|
2
}\ﬂ
D
|
|
|
|
|
|

SHALE red, soft to moderarely
with occasmna/ soafstsre Zese

3% |
140} % g y\
‘: ”, R/
N zsg ) """o»g/:’ %
I " WIS 1 1 1 " | e R
v 60+%0 80400 39450 89400 58450 w [d 58400 87450 87400
.
GEOLOGIC LOG PROFILE
SCALE 1"+20'-0°
ALSO 7 MORIZONTAL
20 20,
w € 90" _STRIXE OF
w FWEEL
[ [
0°
FD-227 FD-227T

JOINT DIP FREQUENCY
(IN PLANE OF TUMNNEL)

As|

DIP AZIMUTK FREQUENCY
{JOINT STRIKES ARE PERPENDICUL AR)

@ sonTS 1O 192 DEPTH l.n wm:s TO 182 DEPTM Contract
. JONTS BELO  DEP
3 Jonts seLow 152' pEPTH JOINT DIAGRAMS @ womrs o :o:n‘u DEPTN
- s T . 3
- DR st au Sllagy |




e x A
P
E F G
° ! f i " V.5 ARMY
3
o N
3 , P | L. !
b 7. L ' - i
S
. <
' S
. 1
8 L
b e e — &
=== ===S===TE = o
S 60 - 09" 03 £ % :
¢ Auxiliary Condu/f 14
) 4
-—————:::::_—_—_———__._::-_——.:_-—_::
=== -
i .
< <
2y \ !
} <
+ . < 2
FO-22T S ™
@ 5
~-_.PLAN
SCALE 1" =20-0"
FD-22T(45'L}
1oW) |1 N4/T8 - 3/1/76
(P2)3/'7/T6 - PRESENT
8/29/7¢
EL 13 3 s
80
w Brown sily_coorse tire sond ( l
ayu» remnsi 3 8 J
Red cla,
,T Y __strotfied 5000 F1/ Sec T %
2] Red yovmamf (,,//)x —- A b4
ﬁ? and gravelly lﬂ_b\and/ /As5umed Bedrock Surface <
= o bro'/”) TN~ - e TN b e
= AALE T D, ) ’Wr/ P I
= ately W% o Infloted done ey b0l 17f1aFeT 20n
mod ¢ ;vt ~yrd #0 V' L4 //JO()‘/'#/ one F‘
ot T AT e A e i LS
¢ ) 507 420
thin /—r‘;/ ziwﬂ—/(
= W3 TONE, 470 oty <12 ,arer iy
5”“””‘"‘7 red b!""" ve d b‘d/dﬂ‘ﬁ mos3t? l
/,/ SH::E) thered, m””,’.ﬂ/ﬁrhln bed 1,
; 4 LALE, 97
i -
Z, - " -~20
+ BKMIN ZONE
s Possible Fault : Dk Groy, highly sheared 3
A clay shalewith sandstone inferbeds rv /8" -1~40
v Num & unconformties, locally brecciated
and/6/ my/omhc */abuno’anf finely dissem. pyrite
and cqicite: slicked frocture cleavage @ 30°
: 5fteper £han beds in shate bedding and cleavoge © 460
= fo 40°¢ 70°tmax) in drag. slicks dragonal fo trve
- dip ndicating some ctrike - slp companent "\’ :
_k ¥ Jeo
- n
w -6
z 100
3 4-
2 GHALE red, sof? to moderately hard, vnneathered
W B with occasmna! sendstsne gsases. 5
- - 5-05/78% — [
; a 120
b 3
3
<y 8 Q
: b cou/’:/o, $ o +140
2 e, >, aig
feo 3 o gnTecon ok s ol
4 (4 x|y
¢ i 4 1. 1 Al 1 1 180
37430 87400 58+50 56+00 55480 55400 54450 84400
' 7-29-77 profife revised (Am #4
o GEOLOGIC LOG_PROFILE e S ——
e oo DR e
coAPs Or SHeWEERS
[ e T 7 [2." JWATER RESOURCES DEVELOPMENT P
v

120°

/zv

2, o PARK RIVER LOCAL PROTEOT 10
2 LIARY CONI

PLAN AND GEOLOGlC LOG PROM
STA.60+ 30 TO S1A, 54"'”

Fo-227
DIP AZIMUTH FREQUENCY
J oo sTemes ame sernenoICULAm
B oS 10 132 DERTH
€3 som™s BELOW 132 DERTH
Vv VERTICAL JOINT

1% 20" K

INTERPRETIVE PHOTOSRAPHIC LOG

reoprgrepT PAR- 2
q)"":':.,':.‘. oteveiall LIV TURL - ) . .
A T FTREg

(ﬂ & ™ OU OF TS NIRRT




CORPS OF ENGINEERS |

-

6

8

LEVEL

IN

ELEVATION

FEET ABOVE MEAN SEA

80

60

40

€0

-20

-40

-60

-80

-100

-120

-140

-160

i
\
\
|

o bro
) ~— ""’5‘/»«: e %, Somy, _ - P
o “wreo,s Y, ’one,‘”y —_—
ALE e T SOngy S Py 4, ]
) 5o e, e ?one, P Hin bp,jdel
~ S G B J ”70 5, \\ D ey T 1
w . y»h o e the.
w ~ ]7_‘/ o req
z \ \ a',p‘/s -
revy, “one g ~—
w " -
W i ) o, ) T -
< . o, -
3 R 7N M:y Yo,, P -
e s, oy
o K p -
T < e -~ (LTI -~
(8] Q ey 2 & " j"of,, )
1 %%\%y e
3 A 4/,}’,/ eo,b"
¥ ., 1

8 8
o ©
~ ~
| ©
w w

Slg 54+00

hert 15

% 1
£ —
; SSg ; ®
3 FD-I5T
2
N g ¥
3 &
N s 7
PLAN
SCALE 1":20
FD-I5T (17'LY
(PZ)}10/28/78S - Present
H EL 623!
| i i
i SM  Reddish brown sty sand I
VAN Eed15hs- brows vorwed cloy with Sk fepses
———

Assurned Hedrock lurfuce

R

“Eitygzzag iy
y o r——
J/VA[[ —_ ; [T I A2 )

——

AUXILIARY

conNDuIT

"
"
i

el

.

Cey

i L —_— i Y -
54400 53450 $3400 =350 52+00 51 +50 81 +00 80 +50 50+
6 | ROF 1L

SCALE 1" 20




_— e e - ————
s ey —ok
| —— .
)
|
I
|
E F G
[ ° _ . . N U S ARMY
'
.‘ 2 §
° ~
© N ; S
u‘i EI = / 3 o
sis
2
n
N
N
: i
b '
&
Y
N
~
<
N
3
-2
[
l SCALE 1":20'
FD-13T(22'L)
(OW) 10/28/75-12/7¢
_2/2/76
£L356 1°°
Sromrs 5.4y sancd - — Jso 3
51t 5o e D —-——— i
SHLL WO Loy with SR Jepses BV —
750 - 4000 Fi/Sec sersumc velocily Red-brown /ammafed:/ay ° 140
oH - |0
Redtish rein sroven, N g
R n ) $1fy o - Tl - hke, ~
\/’\“% ) ——. . CL A’énrown_/qudf clay (I . ) .
‘—”;0 \;‘/;/""” e B —TN L, Assumed Bedrock Sirface Cobbles with 51t seams f g 420
5 v rows, T f T orec 200k ~ «©
yelw“"" r.:oj’:’y’ 0Ter 4y, T OO FY Ser sersne Wm T - —p - —~— ' ) N
' E Song, : o s, — ~ gt o [
,”"Yray [ Y Zoney, "”We,,/h”' $edey ‘o \_\Sﬂ iy . ) ”AIF / o -4
9"\')"90(9 e sy, o ed ro weury, . I kw(””%‘;/"éfo B ::J
", Iy g - -
o Ry e !"""‘f ,:,y < 4}‘\, e P ™ oy"ﬁakma&s"‘&:'z/? s ¥
T 14 A T LI
™ 5 o o Spy, ¢, 404
o,o’u.m - — — %l | A g reor _ nes, 0"':’?”@ ~lw
< 0le,, N — — 40 “owr, Iz - re | %
T 5y T Ao TTo— T \ * %oy 4-e0
Weg . g, e . oy N
2 S o, ’”:roos ~ v N
s B
¢ B 4-60 -3
sl &
‘ 3
2 K]
&3
i N h 4-80
I % s
9
ik N
F =\ -{-loo
I =
L Scattersd Son boQeayg Sty . _ — __ — 1 L"'
—_— - — = - ﬁ 4= limy, streaksand =< =—— — - - —— — — —— —
i 77
ol J-1e0
San,, .y e
= """Jg .)/04? SECONPARY GROVTING
-~ Y Ve '’
3 ot "% Aoy Oy w\
> €nses ” Wirg bhfo,,%’ 4-160
0 “""o ’4:4 °’70" f‘)o'se
ey Yon
1 i i N
49400 48450 48400 4T 480
| ROF I [7.25-77|Prof /e _revised (Am #4)
SCALE 1"+ 20° —-A.., o] —oa =
DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION
CORPS OF TNQINEERS
WALTHAN, MARS,
[ %3 |£7Z | WATER R ESOURCESTDE VELOPMENT PROJEC
=51 PARK RIVER LOCAL PROTECTION
A =1 AUXILIARY CONDUIT
AND GEOLOGIC LOG PROFILE
STA. 54400 TO STA. 47450
> " GRAPHIC SCALE 0
As Built Drawing| -« ez
. [ e e
Contact Mo DACW 33./7L 0097 (NTERPRETIVE PHOTOSRAPHIC LOG :
¢L"2T.TZI".IS":7;1'I'" promcr 1730t PAR-2 1 I

SO QPN LEBOD AEASE R
To P41 ORTVG MODRT

PLATE 9




ool o ———— -
> —
A s ° ¢
CORPS OF ENGINEERS : :
g g -
' g -
b @ w
5
2:=========:::::_:F:=:==—-E. =4
 nansoo 3 _ 3 588 571096 _ R € dun Condult
o S R f‘~~.1ff‘\\
?_============5:====:::——_.__
¥ FO=I7T \‘J»
N

SCALE. 1'-20'

NI4B400 + FD |}

| n4sao0
v w0,
80 - FoOITTOT'L) []
OW)10/28/78-3/77 £
7/24/75
EL.56 68
’o 3 e ————e - - ——
I . rfoce
° “Reddish brown cloy / Assumed bedrock su - e -
a0} 9 Red brown grovelly sifty sand V\\/ e I — 5
X 3 /«w/ e -
+”vé\ “("'\ as 1 v [N
v 4l R . Nl
20% ’; o | I $\ SHALE, red brownr 11ioderately bard slightly — —1i -~
. ““f' ’ N coleareous, thin bedded unwealherecj ~—— -
:‘ ntlafed zone o : { fj below 30.4'Local 5andstone zores $4.6 +0 785 e R————\ -
3 = 4 — = P
of o “‘_&, . k T § [‘
aJ . — ‘——-§| \\\ T ST R ‘
Z | ~—3 & . |
-20} 35 \ & ‘
w - N i
3 88 s S
@ T 9 3 [y
« R b — o+ P ] 53
- -40’- — _&“‘ = S ?:.:-u‘r"' 51 |
u - o 24" B T oo \ 3 L
8 T 03 Ll o e " :
z -60} ~— \dan”\ ~—— 3
z —_— —f 0’49’ _— H
3 — oo
R © T - -
3 — ~—
w -8op - —
- w —
“ ¥ T —
o —— — l — e
- L Rou 0]
oo u:: I T T I . T LT T LT T T LT e O“F‘ruk e fx\
z
3
-r20} z % o .
offTITToTIZoro S T D - — oo oIA s s ot o s o - — T
2 AU DR
Vg e . &
STTY S Wit gt Pt s S (5 Al
Q‘M"{ T u‘:«"‘\; [ 2 00 W SR “dﬁ NSO M{:’
SHCOWDARY CauTINg 8‘:}
¥
-160}F Wy
. ! ;
& o |4
o GPM  RGD §
on g
-1 ’o A, A e -l - J\ ] A
47450 47400 46150 46400 48450 45400 44430 . 44 400 43

GEOLOGIC LOG PROFILE

SCALE: 1®=20"

ek, PAC




o E G
: ) i " U S ARMY
o o
L8 2 g “
‘ s_;‘ H - Sioex §or ,
. aeen iy =
i —_—— oy I e viems .‘. i / w - <
. \../Loa/.,u - - <
. lrx [ R p W A
s i e N
®
- - - ‘
c1 PETER'S CHURCH (: r
— -
v
N
<
<
o
£3
-2
FOI2T (30'R)
OW)10/28. 73 -Present
8/258/786 N | <480
EL.59.93 g
. o -3
s . 5——‘;
- - Pno’d/.hb v : it Titl, -7 3 T
’,‘_t sh brown, gravetty, sondy «ayey silt Till) <
- e e e - e
SHALESIIY, soft-moderalely hard N “W\/ =
occaswnal hard sardy urweathered Infloted zore A
red, mey, lorrnire, sub-fissile; dip 10* 2o;
tight be 2, ;/amas rorminally spaced qz20
“ &/ thruout 4
. _— T T ——— -
- — ——————
—_—
TO
120
4-40
-3
“4-60
® 1-s0
-
o
¥ “1-100
»

w
z -120
z ]
x
REAR T ]
Bl g \{”W 5 140
=
4180
180
41400
— /\\‘.,—
SCALE 1”7+ 20 [I_V/u\F K L G OLPARTHENT OF THE ARNY
TENGINEER 40 Y . conrs of EngintEAs
%ﬁggﬁ os SSTEF X% [WATER RESOURCES DEVELOPMENT PROJECT)
. '\/l—b—f ; 7] PARK RIVER LOCAL PROTECTION

AUXILIARY CONDUIT
PLAN AND GEOLOGIC LOG PROFILE
STA. 47+50 TO STA. 41400

HARTFORO CONNECTICUT
JUNE 97
X () N0, DACW 23~ 77- 8-0088
L orh. t TAOW 1317 "0099 | INTERPRETIVE PHOTOGRAPIC LOS
AL BNGINgARS (0 PAR- z
e et v | meact e snEEY (7

10 #it or TS ARNNET

s




—_ e I .
> - —_— —~
' —
|
CORPS OF ENGINEERS
P g N
~
C \
?
; ey
[LE sy )
NI48S00 3 . ;’7+ Rt \
[N i e Tl S, Shgeinckli sl S~ ey g e el ~p ey Mgy = § ofigiondion (20 § scfplipniy pibapetiging eghed ATk VY Izozm =
“ : S san S85-09to9°E
TR SN e X e & S-2
—:_—_{-_._—: Pellig e Fenisait.e. Sl vty oo ategll g gl 2rs] ety e piiepibgytiny 4~y U B sia
| -
J - ..
.i f e T e . -
X &t £, 3 Siosy woure T
‘ PLAN +
+ SCALE: 1"+ 20
N148400
FO-1T(19°0
(PZ)10/20/ 70-Present
/13/74
0or 0 .69.01
eor . . - — Brown silty fin€ 530 e
° C/ T [ Groy brow 5itf ond clag, lannated. T—— =
o4 B Assumed HKeqdrock Syrince Red brown vorved 5:/f and c/ay
4or hal e ,
v 28 - P [ iR ramn qrovelly choy 38 T I T e — .
5 “»\ 12,000 - 13,099 Ft[Sec, e — (7:11)
! | s Influteq zone 094 T
@ 20 - \ 2 5’”‘1:“” o, %% TrE
=  CE e Wy 0 g s~inflafead rone
\ Pty g, o, ;
Y -— — ) oy 2ty ] -
o or R — 55«/»,,_(/\. R =
-] . e e T T -
< 5|~ g T—
[ & S e h
W -z20} ~Shr, Hi D? s L
e 2y )
> e e e, ) e g
z E w 23 L laszy, Sohpy, - _
= - ~ £ 247, % Y we TSI
-a0} cPM 3 ~ Bore @4y,
z RGO 3 s 4, .
o S Q’Qh}é; -
P B
> -80F T —_— .
W ~ . y"‘
- - A
w - ——
-‘o - ﬁ — _“‘f\/
I
@
-100F w
3 z
3
. b
20} 3
-
<
=
-140}F .
g;"\F ‘/}Q
+ fe SECONDARY GROUTING
-160 AT
[ NS
3w
Yy
.'eo A . ALQ . A, A A, A
41400 40 +30 40400 39 +50 39+00 36+50 38 +00 37450 37
GEOQOLOGIC LOG PROFILE
SCALE 1°= 20’
%
)
|
FO-)19T7 JOINT DIAGRAMS c
JUAUTH FR ENC’
TN TLANE T 7 JONTS BELCW 109 DEFTH OILY) (ZTKik
‘ ,
o - - . ""KW& Do S mn e s e e e i i ’. . '@u-*
- '




! Pcsrwem L K
Fence N

/] ’/“ w\ ~e Foundat:o \\
'\'\‘qh\/ N\
ST o T o =3
A, %146 73C o =T

7 s/ HNevre —J

Matchiline Sheetl§ Sto 34+50

b s seeny mocne A e ST : " Foundation

PLAN |- +

SCALE: I°# 20"

T.O

FD 19T (20'L)
(OW)11/4/T5- Prasent

TV 76
L3458

Brown silty fin€ $d

e
brow Si/f oy cloy, larinated

- Orwn varvey $i/¢ ond clay .0

STA. 34+ 50

E T = T T TTT———— .
rown) grave 'y clog wd sy ST SeAITTTT » Redkiish brown bee‘y st -
o ReoV/sh brown rl

e,
¥
»
o

SHEET 19

4-100

4-120

MATCH LINE

4°140

-J‘IGO

~180

4.3 B‘.’

Contrt e %3270 0099

GEOLOGIC tOG PROFILE

STALE I"= 20'

DEPARTMENT OF THR ARMY
”III ANOLANG SIVISNN

006PE OF ENOWEERS
WALTIAN, 8408,

WATER R ESOURCES DE MENT PROJECT]
PARK RIVER LOCAL PROTECTION
AUXILIARY CONDUIT
PLAN AND GEOLOGIC LOG PROFILE
STA. 41 +00 TO STA.34 +50

o INTERPRETIVE PHOTOSRAPHIC LO®
214 T TR ' P Tl ey PAR-2 )
REL A r,q DEFTH ONLY)(JTMKES ARe PERPENDICULAR) e ™ | moaer i e '
FTE GCIm LB MRS Neret 1
ﬁ Te ® L/ On YNIS VORI PLATE || !%




-4 - — — - — -
- P
i
E
[ ] [4 D
CORPS OF ENGINEERS A ! | L A
> . . ol -
A LN f ! . N < vy §
fob e s ;o] .9
4y
' /
— D )
2 N
, 28 .
PR z
N 148 500 o4 RKING qu oy /
Lo o (&8¢ scace /ro},, E ey,
N )
‘
©
B A R R
©
N
=]
¥
P
H § A
S 5 Oeveeay R .
s s N\ X
3 /- ' % o — +
. 3 A e + T . ke >
FD.-5T
| PLAN
SCALE 1"=20'
34 |
FD-237 FD- 57 (132'L)
1275774 4/22/74
.© EL28.7 EL.233
J-J T L
-4 20 —‘-_"_:"7/ " P
S T YT Sromr, e cardy sre7
w T“ Redcsh brown silky Sondy growely(r): 1) ——r
< . nfloted SamuiT —_— T
' 20ne ~ 760 o C 2 With trfa, —— %
« S 9 00k Aty hg,;b;;,?yfﬂ Shok colearemns i S =
w ok — Py Weatharey N bedds: ——— LE red brows,
-20 - ) =T Inflated zope y —_— _— odkerates,
* ] = —_— T
z e VS Coleama ~——— et
5] < m T SAADSTONE ) o2L2LEG by S e _ 7 Interbegiteof
w < = SKaLL bedied rrodermpar s —— sondstone .,
S~ @s atove) DL bord bgepe —
¢ . T
w —‘&sioa%’i —
: ——
D -0 _—
<
-
m 8o ‘— - (","
w W %
W
s u 4
Z 100 - L T
" N
Figit e d IR e Tl g — - S 2 o, M, R s 2/ i e e et T P 2
2 z
-2+
5 3
s e g L
%o 3 -
- TONE, 9-ay, moderately o A P
7- w PR ) ~ hrd piiweat) rect . qﬂo"\nv"\.»‘:h"
SECONDARY CAWTMS T~ . ) N Secondary grovting
—_ —— s e gl U,
-180 34430 33400 32450 32+ 3T+50 31400 30+80

[ =

GEOLOGIC LOG PROFILE

SCALE "= 20’

As P-silt Drs

Gt M BT C




) E F G
; . 4 l U5 ARMY
Y : i N 9
; q \ ca
' ‘ e #
i - B »
o ol ’ :
- o ' "}7‘ ' : L7 + R £ 5 r )
: l( e A . .y R 3 Ducts: [
| . ; ,
N
o
A
3
I
N
\
H
<
[}
L2
¥
~
<
§
3
\P\
g
PLAN
SCALE 1*=20 ,
\\
o)
FD~6T{60'R)
(PZ)10/28/73 - Present
4726774 740
) £L.18.03
) 4
Redc/ish brown

- ' - B e — Silty C-F SAND\ 20
F' Cvcrdy T

+
39 0%0wr, 511ty Somdly groverty(e ) 20001 Ft/sec
N t s
M 500! Fi/sec
Al

— SHALE
T —— —— , req- browr; , — 2 500!M¢
———— ’m@rafe/y P o e s - = e

Brown, siity CLAY
) 7 STy

4-20
— —_—— :\\ ‘i€re 4 \\- o
=i d ey ————— e ——— — S (o)
ST i, —_— .

[~ — - 2 bedded 5005 o pe ond o, —— —_— ®
%@I ——— —_ shate — ~ 1-40
—=LEeched on pe s, —_— —_— |

wg\ —— ﬁ; J
——
i -80

- —

o
c
= {0
(]
I
v
w 0o
Z
3
z ~-120
LS
7 i 7 b
R T e
o o SR *
ATAAEA BT A
) Secondory gravhing sl
3i%50 31400 36450 56400 29450 LR B
OGIC LOG PROFILE
SCALE I"» 20'

OEPARTMENT OF THE ARMY
NEW ENGLASD DIVISION
CORPS OF ENGINETAS
WALTHAM, AR,

% [WATER RESOURCES DEVELOPMENT PROJEC
PARK RIVER LOCAL PROTECTION
AUXILIARY CONDUIT
PLAN AND GEOLOGIC LOG PROFILE

STA.34+50 TO STA.28 400

Y o | GRaPIC SCALE .
As !”.sdt Bra‘”!r‘}: 20 lbﬂa#
G

INTERPRETIVE PHOTOGRAPHIC LOG

- BTC0099
| PAR-2

o [romer ram e

E——

At aonic Lm0 ASer AR PLATE 12

T0 ALl o THs AEIRT

[ 5 __




CORPS OF ENGINEERS

R
wl

Molch ling Sheet 19 Sta 28200

E 170100

o]
ow# b
35. 9% #7T £ B
Sta M +99.60 -
28 MNov. 77

2

oz 7
o . CF v 59.17

\,

N 148400
, N PLAN
NoTe SCALE "= 20' N
Test Borings vicinity of Church of d,)
Good Shepord by others (See ppor
sp-5dof Specifications)
1
|
14
40
L2267 £1+82.7¢ -
MFPEY * 5 £/ #22. 58~ £l { ;4,55;4 ,Z
Sta. 27+00 A
201 A ~sr 793/
2000 f1/sec 1 £119.3
oW 2
g [ Siotted +
<4 gl c
> :.J ow /
> o Spetted
w y 4000 -5000 f1/sec: i
b : NI =S 4 Assumeil bedrock surfoce
« m\ 2,500 ///9'-‘5 sezélnlcm PZ 3
ol 7z
% -+ - — e —_— _ Inflated rone ow '2 216.00" (1 € - /J
.40} - —————— Sre. o5 +38./6
2z u e — 29 Mov. 7 77
o | T T e —
% ool N
w
w H
> £
2t
8 -80}-
H x|
3]
= <
W -looF
us Z
W
z .20}
z
Q -0l
(.
<
>
w
3 -160}
w
NEY
Qx
N
. 83
%
-200 R HE . B S, . e L < L L
20400 2T +%0 27 400 26 +50 26 +00 28480 28 400 24480 24 400
PR E 1
SCALE 1°e 20'

FO-30T
JOINT DIP FREQUENCY

FD-307

UM PLANE OF TUNNEL)

JOINT DIAGRAMS

DIP AZIMUTH FREQUENC
OINT STRIXES ARE PERPEND

- .

ORI W o

L

patetly

s

i

]



ol ! o)

~ow * 3

S35 9t 8T & wie O

. [ Sto Mr9960 - . [
! b 28 wov. 77 W, o 3

W oz 3
Sto 925307
.

lov. 77

e

A2 vov 77
-——l L e - ———
Az - zomo o=

Motch [ine Shee’ 2/ Sta. 2/+50

e n N .
.
N PLAN
SCALE 1~ 20' S
hof !
20 )
|
1
|
)
FD-30T(52'L)
(OW)11/3/76- 3/77 a0
(PZ 4/7T - Present
E1 r22. 67 £1 222.72 MPEX a4 8/4/768
N { Sto. 24 #00 EL.185 |
2 TTSEL 493/ — il 5 20
—a,\\L SIP Red uniformsond T T —————————
i Stotted =t | N [Radsilly € Fsndy grava
< ow / _ WML Brown fine s silt lo
Spoted sui Brown sithy fine sond
PVC
Assumed bedrock surface CH) Red sitf with yarved clay — ] +-e0
— _gd 7 S R i
TN o o - ———— ——— -
owms 21600 ¢r € - 1 Bedrock cobbles ¢ boulders m red Ml motrix - (111])
s/sm 25 7387 . GRS B VA —72,500 f1/sec — 1 g 1%
28 Mo ! —_— M, 57‘44'62' - Infloted zone +
_— _ O fomer 5" 19hA /
—_——— r_ ey o Shora iyt /" % hopy, recty,s, - ~
] e t"a_g,.‘,‘oi °ﬂa’~e,//,>‘\‘—‘—_ - ™ Jd-e0
o b0, o - oce, e «
. oy S 10n0s * Rt—
. %P 2% 1y » 1w
~
-
w --100
w
I
n
o w --120
3
S 4-140
N
<
x
»; +4-160
N
¥a il Lo —
$R R ] SECONOARY etmuTiss rweosterey °’%w 4-1w80
~ 6PM RO S g
'
n E
S J— 1 1 ) N o b 4 - 200
80 28 400 244350 24 +00 23480 23 +00 22480 22400 204850

PROFIL

SCALE ¢ « 20

/ ENSINEERING

PAYS
o0° STRIKE OF D'Q%

TUNNEL

WATER RESOURCES DEVELOPMENT PROJE
PARK RIVER LOCAL PROTECTION
AUXILIARY CONDUIT
PLAN AND GEOLOGIC LOG PROFILE
STA. 28400 TO STA.21+ 50

V'

“ Al 1 1 -
20° QRAPHIC SCALE ."','.l.!?_‘ HARTPORD
180* " . 20 [] 20 a0 ‘.
FD-30T FD-30T * 20 ——— 4,,’
JOINT OIP FREQUENCY OIP AZIMUTH FREQUENCY . T A i
1N PLANE OF TUNNEL) JOINT STRIKES ARE PERPENDICULAR) A l . . {
| S T e INTERPRETIVE PHOTOGRAPMIC LOG
JOINT DIAGRAMS & -
, . . . T [racieer rom
— - ez g Bion 23770 0039 o
TOR GMmo. (ESEND REASE
S5 £ Ly OF THE PR
I [
. - AT e - — - -3 , - RS aad

PLATE 13




.

3

s

[ =

CORPS OF ENGINEERS

>
-0

N 148400

Sta 21+ 50

Et70900 O
EI171000

PARKING

Bleck Tip
S
& cC#
3 I et
|
N
g PLAN
~
< SCALE 1"=20’' N
3
R
| 148300
FO-31T(I
(oW 11/3/76-
ol 9/20/7
EL.20
20(- — .. — _,A‘;E
M
o i I — i
w ° spl
>
w -
- 2ok g .
2 ct
:‘ o _
? e} = - - 5
z @ 5]
z o ~—— m Assumad bedreck surfice o5
E o _— - TG0 e sesme —_— =
= -G°+ = 1000 ff/sec seismic velociTy N E
w wl B
> -t <
S -s0 S =
w| =
« z 4 BE
3
] -ool =
W o A 3
'S [ 3
< o=
z -1zof = - 1t =
-le0k —— . e — SrOes _ e o Ll il e -
£ SRR SR IR SBBR hmere?  _ TR
« ‘ D
z AV AY L OE ST —_— == 4
i -nor— 'S " —— _'
w Stcondaly  QRavTINE gc — ==
i
h
-0} §‘- %350 o M O ~ |
@lx GPM % =
g ”0 S
.lec y L 1 —_ '} 1 i i S|
21480 21400 20480 20400 19480 19400 18480 18400 174
GEOLOGIC LOG PROFILE
SCALE (" 20'
o
w 3
L
xr
L e
FO-MT
JOINT DIP FREQUENCY DIP AZIMUTH A
ON PLANE OF TUMNEL) {JONT STRIKES ANE P
- s e - e PEY o & (LR

P




o —
[ ] & [}
® 1 1 A n U 5 ARMY
o4 o %
Qi =4 =
~ Ve - - -
{ ol J 50 S I tE ! coa
N F( 7 " 20" ' \ “L "“?5‘:2‘5"’
N “ , rz *2 : .. i 8
St 29 A1 . A 3
Ste, K +77.56 -~
. K/ 5 Oec. 77 / g
N R
- St ssecs | N
N, < -1
¥
<
v
PaARKING §
Black Top 20 5 d ~
res i N
cco A N
e #mis 0
ST imaater 3
AN
N PLAN r_z
« SCALE 1"+20° N
%,
o
1200
! 1 \ FD-29T
FO-29T7 sl e DIP AZIMUTH FREQUENCY
JOINT DIP FREQUENCY ; 180°* OINT STRIKES ARE PEAPENDICUL AR}
FD-3|T(|4'R) UN PLANE OF TUNNEL) 40° FD-29T (35'R) -3
(OW) 11/3/76~Present (OW)7/22/76 - Present
9/28/76 6/28/76 140
EL.20.7 EL.22¢
| [F/ 7 20.93 l
| Fill | Fir <420
ST *u Dark brown silt ‘ ] Brown fine sordy sift
X o
— i
— — Ho
SP-\ Dork brown sitty sond L
) 4
S i I G TR
| Red cloy -20
cL cL
— o o tommnaled Lominated
SC' Grovelly cloyey sornd (T} - ] 8 1-40
15901 cossres ra bm/MzN —\_"T d gravel, clayey sond (T1f} by
(] -
=~ N = L"W SHALE soff, red, F ©
smic veloc Ty——____ E bimy, fissile; ) ] . e
— occosional sonds Py
lominoe, frue dip 10" s :; -3
slightly weathered - P ’7*'(6; 767 broy, ! 4-s0
; 57@/& « rares, o7 Sors ey
~ s, ”°/¢05’o”€yrg " W0t o, M! g o 7y (N
~ we 5% hore, k\_J -
S, % sb’ b --100
T—— o 2, },
~_ i === 2 12
—
— =
. Yerorel Fou, Ao
e 4 ;/;:r,;’ {dbq;d Sy
S, = ey "/,
—_ a2 very o S o 0z
— ~— Yor,08, ,: /01/5,: - wearne \ ol -160
— red o
Nres ontacs
M e O -180
vw,;,b/y//s, 5/’4(6‘ /\0570/# — oy . o -
7Y W o TR e 709 gy, GPM o £
sy e €a Sozy 2. /im, RE S
0 hog f)‘_,,/e Y, ’)"’d, S
n i " i Zanegs | L 200
18430 18+00 17430 17400 16480 16400
0OGIC LOG PROFILE
SCALE - 20’ - VALUE —on 4
o /ENGINEERILS /f'a/g
s 2T LS e
QN \\‘V” o pivieznos) - L f oenre of Inewtins
CNY5 Vo v ENTEFTEY TWATER RESOURCES DEVELOPMENT PROJEC
—m S - 3! 2| FARK RIVER LOCAL PROTECTION
I : AUXILTARY CONDUIT -
\@ PLAN AND GEOLOGIC LOG PROFILE
240 120 STA.21 430 TO STA. 15400
GRAPHIC SCALE
L oo 8 g 10 0 JUNE_1977
FO-317 FO-3IT T T "o 20 DACWI-TT-0-
JOWNT DIP FREQUENCY DIP AZIMUTH EREQUENCY B I & SR INTERPRETIVE PHOTOSRAPHIC LOO
(1M PLANE OF TuNNEL) WOINT STRINES ARE BERPENDICULAR) ) > L S ....I Y PAR -2 21
e s ™ [ smoaer 5
—— S ) ) s

10 201 o WO MOV




vy e e — el -
- >
A ] €
CORPS OF ENGINEERS | ke = -
| - ol
8 Sty T ¢,
= ~
~ . ( N =
v E b < 4/ ‘\f\ . ™
- g p N
} = ! i f
I | o T\ T4
< o ¥ .
@ | /(
‘ {D-ZGT, ( conn N . ‘ i
g ety gl st Sigpliepliegis uisgfilunig ey i “_—_—:.:*___—_:’-'— GEBT o ToANSPoLTAT 0 el dhegs Syl liau gl —
N 148400 TN 3: o PZ MY | [ FLELEY 2/ 8 . }
9 s . S Stes3/6247 p 3
517 I ¥ 2 Dec. 77 ,
) N ~
----- e Nt ke lii? oo
1
L) N 1
S . 1/ ]
> \ 1/f
< | K |
Ry
: \ /
21 PLAN
SCALE *+20' o
e R}
) ,\ A
-+ &
Q
+ &
N 148300 7 i
e \)P_
O +
P FD-27T (21'R) “
3 60( (OW16/4 /76~ Prasent -
7 | FD-28T(16'R) 5; l?53/‘7:
(OW)7/22/76 - Prasent ‘
40 s/22/76 P PR
EL.21% J Flf
zol» £ 4. 9;\— 8 sl | Firl B - T | WEBIUWH Sardy s/t
i LjBrovm sondy gravell It 1200 Ft[/sec L
a M dy gravelly s
¥ ' | Brown silty fine sord
w o3 sm| Brown ond gray Silty son
44 p | v -
w ___;_’__f
< -20- w Fed clay ard sift Read brown clay ord s.
w
w 7 i 4400 Fifsec o
' Lominated Laminyled
T g
w I + A drack f SM| Reddish brown sty o
2 ' 0} ——N Y2z pPZ* ) I SC{ Ked c/nyzy gravelly sand( 7,//} ssumed Gedrock Surfoce GM] Reddish brqwn ,.!,y ,99
s : -Golf :’ T “,7{‘?*-/ 14,000 ff/se:c seismi vetocity
1 o L 0 ?
-] SA,
« -80 w ?o ':‘( € by, f:llfred brow,
I’ £ wm beogeey *, 0% rq 770 meql,,
- 0 A Eoiegd i/ 8¢9y ¥ Horg o, YR 10CGlr ey
w 7o » /Zh’/f"‘/ s, 1y
& -100 5 g g o B g e ity [
! ot » ?'%‘7?:/\ N |
z | 3 2000810, % B0 8
< i s o, -
] - - 2= = > fon, - S
-m - -—- == T'e td‘
6 z
o g 31
= JLIARY CONDUIT -
g -0 e o o o - . L _ ___§70¢c5 . — AL A
> X e e (N N s L iy A e - = € P
3 | ——es /7'75,9‘9‘ o I = Sag b'dqf
Y ieo Jig hard 1o fooff STALE app 00,
) by — Wegtsa, . orey, AN,
N €0, Y borg o570,
02 g bed4,,,y Slighy NE, \ o o 2“
@Y A Y
NI D . N
7 PN R . vom %% £
7 : “ 0 3
N rap  § L] 38
o I: ' ‘ - a4 1 . | _ i |
=200: 18400 14450 14400 13450 13400 12+3%0 12 400 1 +30 - 11 400
T GEOLOGIC LOG PROFILE s
SCALE "« 20’ el
300° ©o 0* N
. )
210" 0 90* _STRIKE OF
. \ TUNNEL
e o 120 - 2ot
200 s . 150° . ' “0* 210° 3. _ 150°
180" 90° 180
. FO- 28T Fo-271 %7 FD-271
ot A DIP AZIMUYH FREQUENCY JOINT DIP FREQUENCY FREQUENCY OF CIP AZIMUTHS
FD"Z"O s (JOINT STRIKES ARE PERPENDICULAR) N PLANE OF TUNNEL) ISTRIKES ARE PERPENDICUL AR)
JOINT DIP FREQUENCY -
11N PLANE OF TUNMNEL) ad JOINT D I AGRAMS
TR R T "";;




\

D G
! L '1' U. $. ARMY
o
3 g / ©
© N Lomit of | N
ad “ T Controctors| s
) 2
W) RS Work aree | &
N a
4N '
; 3
_______ Ao T oo = — o
5 8809 -{75’ £ g 1
P
g
<
<
¥
)
X
-2
i FD-27T(2I'R) . 180
‘ (OW) 6/4/76- Present . . « ' [ 3
5/26/76 a .
EL 3t N - 40
L l Py Firll ‘
127/ ;
I Brown sandy Silt — “20
1200 F#[sec w !
|
]
sm| Brown onrd graysilty Sord T -4
0
— R i S —— Y
Red browr cloy and sitt '\:a <' =
4400 Fl/sec :.: £
Lominuted » d1-a0
~ s |
ned Bedrok Surtace Reddish brown sidfy gravell, T Jo
w—éf@m §([l£y ZM‘?% —_ Assumed Bedrock Surface ; -60
12,000t/ sec  seismic velocity m_/ /m < -5
WY ."_,
SHALE re, 1{-80
0 broy, W
() ', Moderg f,
with /"; e 1y bm/‘;? Y harg 5017 z
Cqlirey 50”4_7 e wra//u“,d ] l
-100
X
[
-
«
- i ] = 4-120
s 6
[\:’ . 1- 40
! 44’0{ ,
J-IGO
AR
“‘\ N : .
-180 °
R ] iy 3
Vs WA
X ! ;
. V’ 7,__.;%_*-200 : e Lo T 0099
12 +00 11450 A
LOGIC LOG PROF".E 3%0° /—?;ﬂ\w .29-11|Profile _revised (Am ¢
SCALE I"- 20' e ! - O
so0y DEPARTMENT OF THE ARMY
/ HEW ENGLAND DIVISION
! CORPS OF [NQINLERS
! WALTHAN, HASE.
2704 S+, INATER R ESOURCES DEVELOPMENT PROJECT]
\ PARK RIVER LOCAL PROTECTION
\ AUXILIARY CONDUIT
2407 PLAN AND GEOLOGIC LOG PROFLE
. g STA. 15400 TO STA. 9 +00
210° "8 _ - Csge GRAPHIC SCALE MARTFORD
. 80° v20 20 20 4 T
D-277 FD-277 — e 2
P FREQUENCY FREQUENCY OF DIP AZIMUTHS
€ OF TUNNEL ISTRIXES ARE PERPENDICULAR) INTERPRE TIVE PHOTOGRAPHIC LOO
PLR-2
Y e l mecT 1Vt SHREY 22
FoR GRAPHI. LaEnD PEASE RCAR PLATE |5

™ P of Tas REFORT



GEOLOGIC LOG PROFILE

SCALE "= 20

. e —_—
[ —»
CORPS OF ENGINEERS
»
S
sor 13 15©
a
~ Ny ¢
¥ Q -4
Py 40
~
g ¥
— Existing Grouvnd § ,
. L3 I
of & 4% N 20
L gl 3ig
: v R
X O QjF
SN |
20t © % 3 ! t/F/m:M vrode / 5 420
> & o OMH rim el /502 ..ﬂr&.
.~ " - —— N
-E 1 TINE T v ”3s Top of Slope _//;_“/—"'\ = /X ’\t
T e - e e —— _— ;‘! . i
o-w 1YNSD lio 3tz=<- e oAt ﬁ\\.f/“’“ el —.
| y 4 RIP * RAP — 4 v
X 3 =
o :\ —_—— “*4-/’/ o .
N) 2 g b B ot
ok 3 hd 40 & o .
g o & o S A
Ay 3 kg by —_—
&8 § ey
Q *
ﬂl‘ % TN e e
LY
, PN -
Tx &
/s £ £/
SCALE HOI 0 X X v
VER -1"s10' 3007 (
.
{ Toe
wo 8 3 __1® 20 30 2100 90° STRILE OF \'
- ° TUNNEL Y . Existing sree/
s\ 10° \ @ \ .,\ sheer [pTing
w\ 240 nr Yo
. 9 y
e 200 2100 s - .
Fp-257 FD-2857 —— - PO x 608
JOINT DIP FREQUENCY 4 DIP AZIMUTH FREQUENCY
(L1 (N FLANE OF TUMNEL) oo WOINT STRIKES ARE PERPENDICULAR) 4
JOINT DIAGRAMS
40 FD-25T
T 7 OW)12/30/ 73 - Presen:
£ 272178
20
-
w
> ©
w o r o
- +i
Ly i
- y :' Oray silty medium Fine sond
w s E T i -20
T Redd
e il L 1, Reddish gray cla
‘z‘ -40}F ~ Giocial lake beds H vt v 4 - 40
w z i m
] » L Lo Ifﬂﬂ/!d
w g0 ¥ r T As. ) {-e0
-80p T i -~ Assumed Bedrock S h
g S~ m urface Ped.w/cy gravelly coarse- fipe sond { T::1)
2 —— ' Cored s and Boylders
X
-80F © SﬁAIZ, mﬂ)rovn, hard, thin Beddeo ‘o 1-80
- o massive, limy, loca; zones of limy sendstone
3 = = ° unwe ‘hered, bedding dip varies 10° R0°2
%
“_ 00 x ‘:‘ -+ -100
W]
z Us NoTE_a
3‘, The contractor may
220 Lo _ 1 ___ —— 1-120 2 0cres of kond n ths ares
o |  FrmmEEEEEIemm e m e :‘ £ 789" rol pe raywired fo remove
3 /nv. EN 147, Giny the Fina! erero
- P proviaing
$ ol ks Frled with Fennel ’: £LE5 abore ihe cbrotin of the d
. L e wr © I o ond Thet the @reo ™
et runmnel rou reed o €0 74
- Aoy £, ! muEK  cnd grored w4th 7 OF fopsesl seeded j
w -/47.5907 Yo drain ThE river slape o
.0t 4160 Sholl not extend beyono A
river bonk ond must be fac
of yrove’ beddmg end ¢ ¢
profectix, wifh o mormum
| 4 w0 Excoval'on sholl /nc/d
removae’/ Of rip-rap,
Cops ond wood pil/e j
star?ing o obout 7
-800 i 1 —1. L L —L o0
s+00 +% 8400 7+00 6450 svo0 % cermoval Fo rhe exsc)

ro complese rbe re
Excovarion.

- ————————— e sl




P e _ _ o -
—— = omms st om - -
i
!
U. & ARMY H
Pl) e\/)e N !
X % $ ,
% * % S
s |

=
“*)‘7(?‘/—/
\\4—/’/ Y
¥ D
. g
¥ \43 :g‘ (‘f
&’: /‘“/\,—-—\/\/—\/\/-\J
N _PoL
a 3 & 148276 12
/s g £17/996 ~<*
= v

) |

N4

Toe , Ir? :/afe

RS
3 .
<« work 37€Q

\b" Essting steef
@ e
K - £y U(:‘hul Ting
i . '
’
»

s Biver

Exist (BT MPipe, gf Y
Liev Yories i Ya 0O
0 4 Limit of Contractors Work 4784, - .{,
— zo0've___la
@ .’ A T “
| 4 2 28~ SCALE: =20 % . —28
120 ¥ (LOve N o ‘
* 2 : :
N S —io
! - 24 XS N R y g
{ 40 w Q ~ T N
‘ . ' W N 3
»n 9 % X
z NN RN SI3 20
- 20 » s NN 3
‘60 Z oS I Coursepn NS |u %
oy St~ 6. conc i~ X
7 7i) 5 219 povement- afw =
s ==
< e Leve! /___ s e
‘o 180 o RS S
y sendstere PPy = R
0°® 202 2" 6ra 10; 25 Q
1100 PROFILE
HORIZ. v 2
NOTE A SCALE yeaT. 1s4q'
T 7he contractor may Fill up b
-120 2 ocres of fong in fhis ores and will

no! bo raywired o remove 1he fill
proviaing the final elerofron is not
2bove 1He clrvaton of the access
road ond thet the oreo mus?be covered
with 7 of fopsorl seeded ond s/oped
‘o deain The river s/ape of 1he oreg
{ 60 sholl not exfend beyond 'he ensting
rwer bank ond must be focad with /'
of yrove/ bedding ond &'F roch Skpe
protectiv, with o mormwn s/ape of Jon 2,
Hor Excavalton shall include rhe
remove/ of rip-rop, concrere
Cops ond wood /e siruclures,
e sror?ing of cbou? *3 ord thesr
s+00 removal ro the extent necessory
ro Complese rhe re guired
excovaortion.

‘v £ 147 .89
Sty £ g8

Ve th Tunnes 4 0
S grovted

CONNECTICUT . RIVER %\-

P2 @7 Sheeting Jers
i ploce 2 elcvolion
332)

25 Slape

Trarz.. tran

‘4

L

/v4 =519/
1720.4 127

See Apte A

\"I‘ E 1
3 — |
. e 45—1\
Sy, - |* K

)
’ B ‘
!

NOTE:

New o5 builtl ond designed
€ o/ine ment plon_, Shown A j
orn Sheet 25 ‘

1 1
20" Povemert -As Built £ | . ‘
b"‘_’“' £ ¢ Access Fd. =
‘, o P Dergned E\ I Trh
< A=z e chair
g 5 Shid. » r‘b rzc 0
- ( o double ] \é )
Ex/sting rock slope ‘ Swirng h t
B~
I ——
_____ RS ) i'
D » B !
I
i

" VALUE

PAYS
DIVIDENDS

Final freld ¢ rrec)‘/on
. =7 [Borr Sy aey = f(Am %4, v

OEPARTMENT OF THE ARNY
AEW ENGLAND DIVISION

CORPS OF LIRGNLINS
WALTIAR. HA0S.

5% JWATER RESOURCES DEVELOPMENT PROJECT]
PARK RIVER LOCAL PROTECTION

AUXILIARY CONDUIT

PLAN AND GEOLOGIC LOG PROFI.E
STA. 9400 TO STA. 60




—I P e e =
~—pl
A
T
T
w7 !
W \ +
KN ' .
AN l Lo
N y
[
b & conomr N . ] i ig
N ] !
i &>
” | 1
\< \ N ‘
~ -
+—
=
<
’
TOr GF ROEX C b o A ) 8
~ ot W—‘ T Approxsmete Bortom of r
g .y —Conecrete Plug — _I I,
s T — | I b
— o [ A
— I o Bedding Op | 2LOE L & coyts
- MOF 5 AR | Nﬁ F 2 SR A
— NPOF - ' N Strke N2O°F worter £ = Vﬂl
~80 — /5F _— i | rer flow —
_— N
. | | A Y '
—i NOOE 445 N neotw
) ;55: /’\o\__ i ' Bedding I/;/fgf :\\55'5!
— t Ked, silty, 55 i
- | SHALE !
901 interbedoed }
—_ | w/si/*stone t |
= ! ' |
-95 —
— i I | Favit wicak
- N7 47SE
i [ ' ~
~100— | [ ! |
Z X .
Z !
- | !
_:ost | | |
Z I | |
o = ! ‘ |
' ! ! |
-us -: | ; t
_‘[ | i ]
- | |
120 — [ '
- - —_ -
| 1
-5 — | i
=i | I
130 TE ; SEE CAVERN MAPPING .
Z | i
= i }
35— 4 | |
. )
-1 | | '
- 1 | 1
-Ho — | |
i [ | I
z | |
|
—i45— | ! )
— ! t [
ArTROr. BaTTON OF LXCAV. Pt R S B I
‘ W

RO .




\

=z

< .
B
4
<
A ~ B8 ol TOP of Rk
wroxcmate Bo'tvn oF r T - _W ~ 2 -0' D )
ncrete Plug l o -
i (3 '
> - . LECEND
wiog Fetting Op | '“Dafzm; ' &Q«’f Clogfied = £cky
\jn'wy w207 li {7520 Kwoter tiow — S Stk £ Dp of Jomts
N itrke N2OF Woter 1 =~ - - wen Jont T
l er flow — y T e
| /rd:
- NeO'W -
| Bedding l_/e&f | 35°SF T oes
ced, wilty, £ | =
YHALE ! =
witerbedded ] L
w/si/*stone { | | —- %0
[ [ |-
. L —
! | Fault wlealcite -
| \L[ -3 475, j -
T N yeoEsese | —
‘ ' — - 00
| i =
i~
| { — —r08
) | ;:
| =
-
| | -
! [
t ‘ P— -8
* | E
[ | f—
) L— 120
J— —_ _ | — —_
1 Z
| ' | - -3
I i iz
SEE CAVERN MAPPING ' 12 s
! =
! | =
( i — ~235
[ | - D!PAR;NENY OF THE ARMY
i _ NS o VALY
l | — - 40 THAM, MASS
| ! - PARK RIVER AUXILIARY CONDUIT
! -
| Z
, : = s OUTLET SHAFT
! i ot ) GEOLOGIC MAPPING
I P . NN S B S APPRN BOTTOM OF EXAV
: 2,
¢ 9 5 10"
SCALE
Oraw by E.B. JUNE (9682
) PLATE 17
ﬁ ‘/‘_
v o . . <
- o




\

MATCH —
j | L1NE .
1
8+50 ;_1! I 94080 -
3 | 3
asas = ! 9478
| ]

§

rbees e dayss oy b ey bes beaa e beg e ba g Les b dae
SRSk Iy A
\ _ c
S 3

I
a+3% l 9+68 —
| -
0+30 ' 9460 3
a{i_ - ]
\ .

b

8+25 75° , 9+5% ]

8+20 9+50
Siicken-

sides 2,

a+13 9445

- P
[P 1% 9om
//‘)/L’—F Water seep

8+10 9+40

-

8+03 9435

BN
< N

s

leaprlyveped v bevva g

!
l
[
|
f
l
J
|
!
i
!
I
l
I
!
I
!
!
!
{
!
|
|
|
I
I
I
!
!
|
I
i
l
l
l
_|

:TTTITT‘TTF[‘H'] l",WT]lflllT[IlIl'!llljlﬁl,lllll‘ITT_T_rrIll‘[IT_TTTTTT‘TmTI‘TTT‘I'I[Il'TT"]lIll|l|l'J

. |
2.2
SO #0
8+00 z$;:; o5 | 9+30 "
. , A ] .
7498 vt R 9+28 — ,
o -“J'./ ] !
77 3
7+90 ‘ 9420 —] !
! l ] |
. .
7+85 | o | 9415 — !
= | .12, ] [
T ] o
7+uo§ '“47;" \\Vm,s 7090 MA /55'/ oe10 ] ’"J/‘j‘;’
] 4 |
7478 — ' % 5+08 — l
- , + ' Mudcracks I . '3 1
= 7o and sole Z 7
70703 { 9v00 ] ’”_‘Lﬁ;'
! -
= fi_,1 — !
7488 :L " _ | Cavern size decreases Sta 7268 S . 0495 ] !
e Qe | | - ] |
7e80— - ! za 1 ;;;‘ i —  seg0 I
—
=
2 rr‘ -t ! — |
7488 T - 8+8s
| z E |
~ - ] ,
- o
7+%0 i — 8+80 ] #Jae,
l - . '
- !
7448 | — 8+78 ] R
— ] ‘25
et -t
o = T3
7440 L g — 8470 3 ' )
A | E 5 V),Z-Z‘.smn
.
T+38 i —  8+68 |
f - = I
7+% ! E 8+60 — '
I 3 !
7428 —t 1. £ » {
SOUTH NORTH
TOE TOE




*§L T PLITVET L [ ryrrprey TTITII T I rTT [T T rTl‘rjmTwrl]Hrl]lrﬁl(||‘T|'T|l' T ]
I
3 IT]TIII]IIIl|lll]|lll||lllllll!l|lllrl‘ T

114

o
+
s
o

MATCH ——
LINE - | |
1 | |
9+80 - |
2 \ |
9+78 5 l l
] ! |
9+70 3 l l
] ' 'Arta Tvnba/’l‘d at
. : ' ' time of mapping
] ! ;
9+60 4 l |
] ! f
] | |
a9+55 =
. o |
— %
5+50 ! l
f I
5 | |
. I
= 7
9+40 — | ! l
3 Eara |
9+33 Zl'lx * l %
8 N [7e=es
4
9+30 — 1

|
55
22 i e

W!mmmﬁﬁTrfll1llﬁlj|lll[1lll[ﬁTT]'T—]—TT"TT'T_T—[TT-T_rT_\'T—T“I'TIIII]II‘IITT—I"T"I'TTIFTTTIF

LEGENL
-, Srvike £Dip of Jornts

7l Joent %pp’/&nﬂ Comera

exTen? NN nOUN

|
| o) e i
] ,”«}'/ | |
9+00 — > e | !
— IZ(
b \ | |
se9s 3 ! oo og? |
3 | T 7 | {
8200 ] [ l ;
! ! !
8+85 ‘ ! |
! | )
8480 — R M | \
3 ! ! |
8+78 —‘j - w‘;g-,y | f
3 ‘ f [
OIPARTMENT OF THE ARNY
o470 ' ' ! " iR
' )/z‘g} ks %/ ] WALTHAM, MASS
. Y : : PARK RIVER AUXILIARY CONOUIT
+e3
| | | ‘TBM ASSEMBLY CAVERN
aeto | L1 55° | GEOLOGIC MAPPING
' | | T S S
d . [ [ scaLe
H MATCH LINE PLATE 17 .
Orow by: E.B. JUNE 1980
PLATE 18



!
\

A

/’T_‘

i
)
|
|
|

£ compurr3,

e

|
l
t
i
i
|

TOP OF MoK b4 ” ;
~fL — ie.n Jm \ 'r /
5= \ | )
23—
- \ ! red SHALE | s.fr
— l ¥ roderctely nard,
-szE l sedd.ng dp +5-20°
Z [
= NS L - |
- '\ “rgik e ¢
- \“3\ zgav)\y l et
-363 — A
oy /\\ Avervale |
- _: red SUALE, | )
3 2% above l) 9‘:'
- ! ;
e — |
= |
~ 8.3 - ' |
Z ) \ | ‘
-53 — | |
z ' ] |
-3 — e s’ X,,?;:f, e ) |
i L RS Ty catly Teaccd ot | l
— = 24 B raivals | |
- 63— " N | |
_ " I SN
oy = - | “\\ NYSE 750 W !
- - hgh-asgle jonut sat s
= | \\ Typcally specad at l e
- 7 2-3' arervats e
- 763 — 1 ./T
-z ] ) -
- ; .l
-82.3 E | ! . {
- | | —® ’
- (
- | | |
s = | | |
s | | |
- \ |
B of e excav. vy = S S T R
P T e R e ety e LR T e -

B T O R N [ |




>
- +— B < ToP oF K
I —_ W ~ € - 4.3 F

a
T
| =
i =
i / - - 203"
red SHALE | s.fv -
| *5 modeotely nacd, -
' sedd.ngy ¢ \5.:0‘/ ——-26.3’
| =
‘ ' / — -y
e Mo } / -
gh- 200K e T -
de Y, [ = -3es LEGEND
avervie | "“\,ﬂ/‘/// -
\ 4 = baddn,
- | ( = s e 4
R e NEPE 1S% -
\;" . W’/ \aeddv'f\a. plare jo its - /-/ Joint
I Tyecally spaccd v — 43
\\ Wy - 20 rmervals _—
\ ‘\M/ =
| l — - 563
! | -
ERAE 3 ! ' = s
paccd o | l -
crenls J :
l : e — uen
A Py -
- , NYSE 750w | e = oy
- - hgh-arle joot set - i
S~ L } N\ Tty speed | // -
\\\)\' it 2-3° ATervaly _ -
\/\" LAY - TasE 250 —
7~ b S\ e T E vedd ) plasg joirds -
J k\T - ‘o T ey et =
! =\ . a2 wtgevals — -3
/ | — ‘,,, e = 8.3
' i Y OEPARTMENT OF THE ARMY
| ‘ = : NEW ENGLANDDNISON
‘ - WALTHAN, MASS
] l ey PARK RIVER AUXILIARY CONDUIT
{ z
: 1 | = INTAKE SHAFT
- T TRy T Y GEOLOGIC MAPPING
s Q [ 10'
[ = ———]
SCALE
Orow by €8, JUNE 1980
PLATE A9




Y

WASHING Ton

CELEVATION IN FEET ABOVE W.5.L.

\
———— L0

CONOUS "\

LOCATIONS (96°00) (98501)

Tov

1S9

(91°00)

RING 1324
12 1-8 Ii4A
(ste32) (s6+78) (80° 98}

% [0 |

TS8 87
6ie19) (38435} (43+301
ING 840 RING T97 RING Se0
I-4 I- 1-6 I10 13
(€586} {62+01) {53043) 148°06) (saeT2)

Ll
Base Plane obtoined from COE Drawngs PAR 2, shests 3and 90

VEATICAL 15 aOPT
WORZONTAL 1" 300 7Y,




- v

T87

[soseo | l 5% T wm] S B I I R - I A

) 38039 p s,s 785 T84 183 TS2 TSt
G 84Q  MiNG 797 [t} (27000)  (24%00) (18+25) H1eag) (o820}
ING S48 RING 275 ANG 225 RING 81 RING IS DRILL BBLAST
| SECTION
i I-10 13
I- -7 I-1% 11
[} {53043} 148008} (30472} 123-’:() ulvu) {19+e0) lorse)
HOR S AU B Yom, W aRS mIVES AUNILIARY "
Venticas 79077 WAL , 00D T saosRCY -‘;n an
HOMIGETAL 1 DOOPY ne HANTPORG , T
WIRCHEWTER, BATSACNUSITTR PROMLT 77N OC TOREN, 1980 ne.x

OEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION
CORPS OF ENGINEERS
WAL THAM, MASS

PARK RIVER AUXILIARY CONDUIT
INSTRUMENTATION LOCATION

PLAN AND PROFILE

/ A PLATE 20

- T T T e T YTy T e —
— L e DI S




oY

80000

1

2T P
PARK — = —— SUCSYREEY — —— —— _ T
AD STREETIE ™™

AINAGE 3
AF T

3

L 2

&

N
JEFFERSON

+ sOf-
o
]
§ of
<
-
-
s
z "
§
=
$ .}
-2
-
80
1 . A I " n —
100400 I ‘[]soooo 90+ 00 70+00 ]ooopo ] 80400 T 40400
TEST SECTION 1810 789 TS8 TS7 TS6
LOCATION 19584) [ 61019)  {3a+5) (43¢50}
RING (399 !i'm!?‘ ING 840 RING T97 RING S48
rooxl 14c 141 12 16 T14a T2 -4 s 16 110 3
LOCATIONS (9680 (sa+01) (s1¢32) {es+78) (300 98) {T2044) (63008) (e2¢0n (33+43) (45+08) {3ar 72y

Hote
Bote Plans obteined from COE Drawings PAR 2, eheets 3and 90




\

-4-120

T == <

A e 55 T34 753 82 51
M 27 8428 (o8
NG 797 FING 348 st orr oy Sl o maast
SECTION
I-6 110 1-3 19 I-7 I3 1t
(3043 143408} 1380721 (233 21088} Uosen) (svan)

_PROFILE T Eprye
e . TUNNEL

PAOJILY PLAN ANO
PHomLE

™y MARTPORD | CT.
WINCHESTER, MASSACHACTTY PROMCT 77303 FOCTOMER, 1900 et
a——

DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION
CORPS OF ENGINEERS
WALTHAM, MASS

PARK RIVER AUXILJARY CONDUIT
INSTRUMENTATION LOCATION

PLAN AND PROFILE

PLATE 20




b 4
- - -- - _ ——— - et 20+ -
z;ooé 3
. G - HOHONY ;
H uy wlﬁ ¥
dn :
!
—_—— e —— 20~ l‘.ll.~
— - - 2o+
z;caﬂ
) b 8 © -[HOHONY ol
dn
- 20— _
i 26°92) | .
_\ §Z6-13 (STHOWONY]
- 20+ s21q !
NMOQ
* g b4 LINANOD
ol € -HoRoNY z XYVITIXNY Y3AI8 Navd
32 .
20— z 02
-
m
m
-
—_— 20+ ®
(g
N#0Q 2
L e D W]
J\ o ® Z-HOHINY e -
an H §
. .
z0- S
>
(2]
« ol
zZ0+ +
z;oJ .
u'.
~ s 1-BOHINY
dn sor ||
20~ 20201 f
I'pZ-13 (37 YOHONV|,
— - oS}
omnz » oo
N9 M _ - WA_.
001 n
g 02+8 -'V1S
z L DSE
o5 m
- s6- 1531
" INSWNEISNT
4/ 0 02+8 WIS
A«l'l.)l/l o5 Omghl;
ot
4
2€'82 + 13 30V4NNS ONNONOS
TON X8dW

E




LY3AN)

39vD 30V4ENS » x
39VO Q30038 = »
NOISN3L = —
NOISSIN4NOD =« +

19K

LHOtY

— 2N

udl

1sd gg'¢
(NI/N T NIVE LS

4437

EN—

T — - - 3NOULS
Vv3d Q31N0N9

{WH04 SV Q3 ° ¥3NID £SYD-3dd)
NOILVAYOX3 L1Svy8 ONV 17uud

00% +

N

H | g, © HOHONY

S
v._N_an

£°2

v6l-13 - 1 —SRING§ 0 WGLI0a
3 TITHOHINY ZE 5% ON§08 40 WOL10@

S|

9°911-13 {21 BOHONY 26 ¢ ¥,

B 20+
z’on% A
) S.N

S -HOMONY

2l

PLATE




AD:A125 787  PARK RIVER LOCAL 'lOIEC"N AUXILIARY CONDUIT TUNNEL | 2/3
Es' !mumcllm.. U) CORPS OF ENGINEERS wALTHAM MA

‘UNCLASSIFIED F/G 13/2 NL




}

/ -
| = m 2.5
\\\\\___2 E e
Il-
T '- 22

I
| ENIENT

F—0=1
€0

il

e
(o2

||||\

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS 1963~ A




———— p— - Dy 20~
NMOO
N— ul'g
dn
——— zo+
—— 20~
NMOQ
urg
n
—————— e d 20+
- — 20+
z;oaﬂ
/ ug
m;
- 20-
— 20+
NMOT
T T
n
d z0-
20+
NMOd
R—
20~
o8 , . )
&N 114 >_nz os 130 o8 :%n . 4n ‘E;Wm . MM«M :
09 ov oz
ooz
-
1 7 :
» 5 amw
g ] £33 m
2 - =221 oS o
2 3 23 o
iz £ <
[ 1 c%2 z
- — 3 5 £ oo 3§
H H 38 ﬁ m
n
os
3 TIVLENI INOLS -
_ o
Sl 9ONIY Q3 TIVASNI A/
||I.LIOB

2S+1'vS

T -=3—0 '8 ¥1(2)—H
68 zn-13 HOHINY

e I
even -0 nmorw.ﬂ

ovi4

6101 =13 ‘o.ﬂwhwrﬂ.

SEi

T 59 ¢El {8 —NH
6y '101-13 NOHONY

ogi4

s

H1d3Q

LINONOD
YYIIXNV Y3AIY MYvd

o

$i1

30V4¥NS ONNOUS MOI3B 1334 NI

(113

$OI4

NOHONY
brecrit i GLL
693 oo

0614
11°1€ 13 30VIUNE GNNOYS

TON XddWN

2-SL
(S1 ON ONIY)
e+ -'VLS
NOIII3S
IS3l
LNINWNYLISNI




L SO

002~

LUIANI

—1=NN

ELLLAELEL D
ELALCRELGE] L)
NOISN3L

NOISE IUINOD

ON3937 SLN3NW 1

4+ e x

002+

ooz—

LHOIN
29N

00Z+,

i}

002-

4431

€5

002+

00®~

NMOHD

wd $8°¢ =
(NI/NIT)NIVHLS

A0S
¥3d QILNOWS

2

00b+

20-

ve

n

§6°121°13 — 1
«0-2
¢6°'6n 13

006 {1)—H

z;on_!
ur'g
&..7

20+

NMOO

dn
20+

SO — 1 Y

urg

[ L 1

80811 -13 ' WoNSNY

0 8 %1 (2)—H
6921113 HOMONY

. O'SP (£)—

S El -3 ' HOMDNY

- —

0%
. "6 .:L
801 -3 HOHINY

el

5T 928! S.IT
® 101713 HOHOINY
P -

A

TindNGS 30 NROUY

“SNE0E 30 WOLL0S

PLATE 22

o

e

4

T g




™ L1 ue

20-

e

20+
e e - — e zsoﬁ_H °
) :.D
.sh
20~
e e e e e e—————— zga\_ zo+
b (71}
L:~
. - 20—
zo+
....................................................... z§~
A G_w
1:~
zo-
— 20+
z;oa~
R e oee [ [ - emmmsomsooooes ug
QQ'
z0-
204
! zgo#
B_ﬂ
%&
zo-
) o2 o 3ivg
7 SAvG N1 TN
1A nr twmla 2 Ndv £y y834 6 Ny ﬂ.mbz d‘_\)Nz ﬁﬂ 1 430 002
ﬁ 3 3xg 23
_"mﬁ ‘ _mm‘:m P
S . : 3 3 - F £ o o
3 22 g ° 2 FECI] m
» « & o o o
b g 2 b by 2 »
2k oo W
52
83 3
: 2
2 1 -
£ ® o
z =
.
E
3
3

€413 NONINYZ'BEI (1)

621173 HOHINY,2Z'¥EI {€)

014
0'80i- 13
HOHONY 25°62! (¥)

4

-rdb

onl

e

Hid30

Ol

20v4¥NS GNNONS MO39 13334 NI
8
Y

0°24~ 13 HOHONY,2E€6 (9)

o6

£8+

084

LA

30127713 30WAINS ANNOUS
T ON X8dW_

€-SL
(1B ON ONIN)
461 ‘VIiS




002~

1H3ANI

<]

30V0 30vdins
38V 03003ENI
NOISNIAL
NOISSIMdNOD

LAY
+1ex

1-3N

002+

ooz~

LHOIY

ooz+

002~

180 ggg » 7y
(N/NMT)NIVELS

[l
s
w
23

o0z+

002~

NMQHO

YN

e

INOLAS
V¥id GALNONO

PN

002+

20+

dn

0~

2o+

dn

20 -

204

dn

—4 20~

49'611)73
4871
4¢3
£411773 NONINYZ9'8EI (1)

fo

0o

)

FA] 2 40 NMOWD

ONIYO& 40 NOLLOW

PLATE 23

e n o st rE————

——

camnwst




o

- Teu~

9262

U ¥'901 =13 (CTHORDNV gy
NMOQ a
— . .‘& _
dn -
JR—— 20-
Zo+
zson*
—_— N "
anl
S, - R —_— zo~
S R - _— - G e 04
ol
z;oi
- —— - ————— —— ———— — P .n N 4 — m mgﬂow
an} 3 XIVITIXTV Y3AIE Wuvd
o : |
9
- - 20+ m |
zsonﬂ g oo
—_— .e_.n m
ant g
zo- g 34
2o+ _
NMOO .
ﬁ Q. om#
an)
— —_— 7o
$s934 LA ] v236  3.vq
" o8 | 09 ov loz [ G RO
y & £ 2 & —§— os1
L 3 / b-S1
oot (18°ON ONIY
ﬂ 2 00+¥2 VLS
o o5 m o84 NOILO3S
z 1S3l
- INIANELSNI
0 00+¥2 VLS - r?
a o
_ - _— H os
. 001
88°8!1 4713 30VINNS ANNOYO
PON XadiN
—— _ P - [ Y - - -

N~

et e g a—— o

T




-
- ¥
39V 3IVNNS = X
002~ 30vO 430Q3EN) =+
NOISN3L » -
NOISSIHINOD = +
J ] NIVHL
B3NN
]
00z+

3INOLS ¥3d

Q31N0NS

002-
—a e ——r—a \w\

00Z+

002~

(NI, NI T ) NIVHLS

18dgRg =T

On

a2 00
002+
0oz~ 7

4
)
81 2 L] [3]
‘wdv eV ‘YN NYR L] 34 ‘834 Wvf ‘NYP NYP 230 930 K

(13 Kl £ 1] 81 ] ) 3
SAYQ

o o8 or oz

] " THNH0e 30 WOL10W
| . sz¢el |
dn ¥ OTT="1312] YOHINY
_ zo-
zo+
z;ooq
h R .
dan | 8202
STIT RO o]
tzo- / oz
- S S——— ), 94
NMOO
— * eudl
— - —— . Tt T T T e g
13&
yr’ - — - - —————— 70~ i &
~t ]

PLATE 24




. - '$ O ~ 13 () HOHONY M h
R = — N T
dn 26'92I
zo-
H
zo+ v 221) |
z;oaa T50I—13 ERIOHONY|
- = e
dn
zo-
———f 20+
Z;OOﬁ
= * o'
an
IIM\NOI
+zo+ 26901
588 73 (STUOHINY
zgn_
. so14 )
ﬁ —JoV''8 L1N0NOD
dn AHVI XNV H3IAIY Nuvd
20~
R 0014
20+ 3
“ T
z;ooﬂ z
It
-—o :..m H
h a2
@ 2 g6
! S
zo- g
[
n
e
20+ m
@ -
zigh < 06
n
us 4 »
T 0 t'g _mv_
dni
zo~
61 @34 62 Nvr s NYP 401230 1930 SIAN oo se-
09 o¢ ov @ ° SAva NI 3NIL
7] »
=
y - $-51
m © .
" + 2 00 5 08 (GLZON ONIY)
'd
g & % 8 s mi 8 00+.2 VIS
3 3 3 3 3 os 3 NOTLT
/ oI
# 0 00+i2WLS oud INIANEISNI
os
N 00! 0L
i il

2681 +713_30vINNS ONNOYO
S'ON X8dN




002=

1U3ANI
o MW

JOVO FOVIENS =
39vO G3003EN! =
NOISNIL =
NOISSININOD =

X
.

+
V!

AN

002+

LHOIH

ONl!!

002+

1437

o E-AN

002+

NMOND

1sdggg =7

V.

INOLS
v3d G31N0W9

x
<24
3

o YN

————tooz+

z)onﬂ

n_L

20~

zioa*

20+

¥8211-13

»0°2

26'82 8'011-13

9°0H —"13 (1) HOHONY

L:M

o™'8

2;004

2o~

.

LH 1] Ni

BNIN0@ 40 NOL1108

PLATE 25




a:lkx

LT . S Gl mpvrvpus

dn

20—

20+
Z)g#

[T\

bl
dan

20~

— Z0+
ZIOD—

.. — uig
dn

20~

20+
zioo*

] ui'g

20-

20+

NMOQ 4

ot

20-

z¥oo~

20+

anh

e e_.n

/ 20—
o8 09 J ov 02 SAVO NI 3MIL
ﬁ ﬂ ﬂ ﬁ ﬁ f T
001
8 3 8= [ »
¢ 3 33 s °
° M omm - -
a A A4 - ~+
os
0 OS+EYVLS
05
ool
2 " € [:24 9
4dv yrm uYn 934 934 t34v0

=
o
m
3>
©
<
»
2
(2]
m
-
~

sz

IDVINNS ANNOUO MON3E@ 1334 NI HLd430

ozi

o+

oot

20°09+ 13 30V4¥NS ONNOWO
90N X8dW

LINANOD

AEVITIXNY H3AIY MHvYd

I

9-S1L
(85 ON ONIY)
0G+ey V1S
NOTID3S

1531
INIWNYISNT

R e O S AN A AN O




..
- )
- ; R
|
)
!
7]
N
w
39v9 I0vHHENS = X
oo2— 39v9 030038W1 = a
NOISNIL » — |
y NOISS3HdNOD = + a
| —"\4 Laann GN3931 SINSWIUNSVIN 39VO NIVHIS
: —— 5

. ooz +
i ooz—
| ot
_ LHOIY v3d 03100
| e, 7 2HN
- 0IOYMYO

38YE 0300383

oo+

11dgp'g =7
YNIVHLS

{NI/NI

002+

P

002—

NAOND
7 b -iN.

ad
— ?
002+

——

e
i — zo+ 08E01-13 TINGNGD 30 NAOED
] e 02
101 - ——
i zsoa“ .n o113 I~ ~5NiG08 36 WOLL108
! ~ w L EE L] v
..5_

NMOQ H




Zo-

20+

R

urg

20~

20+

rze-13f(l

m:ﬁ
I 20—
20+
ZBOOH
. e
ol
z20-
20+
Z;On_
— g
al
0~
20+

PER-1 113

i3

14629

1]}

001

09

o¢

z
w
3
F

14°30NVAQY 30V

91'69)
906~ 13 (2) YOHONV 024

!

$8i~

o

$°04-"13 (S) HOHONY

1 INONOD
AGYTTIXNV J3AME NEVd

oi

9T
]
m
v
]
x
z
@ 4
c M ogl
2 m
m
-
» =
o «
m om
i
o
%
-3
2
o
c
z
o

4-81
: (261 ON ONIY)
89489 -'V16

NOTIJ3E

s3I
INIRNVISHT

99°¥4 413 30VRINS ONNOUO
I"ON XadW




e —— w— L T T —~ - « -
-—
w
20V 30VANS = X
20V0 030036W » o
— oz - NOISN3L = —
NOISSINAN0D * +
TNISTT SLNIWIENSYIN 30V0 NIVELS
e —_— sz
1
002+
|
_, — . — —_— - 002 —
i % INOLS
, LHOIY v3d 4ILNOND
: o - S S — £, Z-4N
w
-
k.
L - ————— 002+ _{»
\ Tz
Ul
R @) _
——— —_ —— LR
v~
S
E

1437

|
?
oj __j'
g

€N

- t 002 +

——— o0z -

. NMOHO
. o
2
— — — - rooz+
ve
- 20+ e'v6-13 T
M0'2
Nmoa 826-"13 —g 0 T|" —BNTHOB 30 WOLIOW
- 99'99|
\ '8 T26-13 (1Y
.S_ srs9lf;
9°06-3 (2) NOHONV [y
__ zo-
—— e 20+
|J|z~>onﬁ
———— :..m
anl
$'28~ 713 (¥) HOHONY
_ . e 20~
8614
- + Zo+ |
— - e sy NMOQ 1 _
. wt [P
R P e og _
dn
!

PLATE 27

A

P




al

zioaﬁ

- T e—— c(t. - mmmmm 4
20 - 89491
628~ 13 (2) HOHONY
89°891
20+ ©'58 - 13 (L) BOHONY gg)
—-m-n

TO4+

u'g

20—

ZBSA

20+

E.n

m:ﬁ

AJVAHNS OGNNONO MOT3IE8 L334 Nt

ONINUE U nuiive

LINANOD
AYVITIXNY HIAIY NYvd

¢o- 1Y) 4
z0+
NMOG a
M we oei
dn .
zo-
1AC I PAYN SAYR S NudY L!g § Nydy 2 ‘v L3iva
001 ] 0 o-v‘ oz ) — — TIVONTINT
H 002 w2
3z -
43 » -
_ * # ? i (5] €'€b- 13 (3) HOWONY 8-Sl
o S H s ot ! (OP8'ON ONIY)
~
g E g S °c 61419 V1S
2 b M - 5 021
r o £ NOTI33S
m IS31
i)
| M ¥1s
i
mm g1
% )
\_.hen ;
on ﬁr
SL'62+773 FOVINNS ANNOYD
(% . o




ooz-

LYIANL

JOVO OV4UNS =
30v9 g3gaIam) -
NOISN3L »
NOISSIUNOD =

ON39 ANIN

+1 ex

b

o =M

002+

002z -

LHOIY

Z-AN

ooz+

——

- 002~

194 SO =7
(N/N ) NIVYLS

1437
€ -IN

002+

W.OONI

NMOHD

3INOLE
¥3d 0I4N0US

hdiadl

-+ 002+

zBoo—

2o+

m:—

20 -

z!g*

20+

ool

_._.m

e0-

ZSOnﬂ

IH 20+

LDF

ur'g

—— -} 20O~

22'e6- 13—+
20

§9E9

TryTigT

206~ 13

89491

6°28-13{2) HOHONY

29°691

€98 - 13 (£) HOMONV ggy

LINANOY 30 NMOET

ONIN0E 30 WOLL08

o
N
w
-
<
-4
o

%

s




: dant
r - zo-
- —_—— 20+
IM zion*
T i w'e
uL
—_20~
A 2o+ HOHONY onTz_
N 1
| ' NMOT §
“ 1 — _ _._.n
| anh
[T
. . — zo-
._ 20+ 625~ 13 (5] HOHINV
z;ooﬂ oqL
.._.w o ._v: -dmﬂoo
m
1..; m
20~ _
Z
nSEI
m
\ zor 5
[
zsoaﬁ o
— n'g g
...L 2 0%
. 2
! 20~ z
! o
; c
i Ed
H 20+ -
i a nNL
z;oJ
""" =_.n
A_L
20~
1LA0e Lanr 92/9 a/s ./ 13INAP i Nay Jive '
081 ﬂ o8 09 oe m:n LTRL1FY T
1y v os!
_ s : 6-51
o ond (¥2€1°'ON ONIY )
» w .
3 g > 00+16 -'V1S
2 2 s NOTISIS
A q _ 1531
o o+ NIWNYLSNI
/ - 0§
go1-L
oot :
66'68+ 13 3JviINNS GNNOYD
6 ON XadW
A -

ko .

e AR :wumwmtmm PEDSPNIRY PN




30V0 J0V4NNE » X

J 183AN  GN3D3) SINIW3NNSVIN 39VO NIVHLS

PLATE 29

Jjoof 0V0 000N = o

—_— 002+

o i-3n

ANOLS
\\\\\gﬂn”” AHDN v3d 03LNON®

v

(NI/NIT) NIVHL S

oo2Z+

oo0z+

LINGR0D 40 NROWS
“TONIWOE 30 WO1104

680!

/TTTTITHTEORONY o, 1 |

|

S i IIIIII[




U NMOd . »l\ . _o._vL —

dn

j NmoQ

dn

1/./ NAMOQ

Y- 13 (6) NOHONY

dn

L INANOD
10121 XEVTTIXNY 93AE N8vd

NMOO

10°941

dn

10111

NMOQ

30V4NNS GNNONO MOT3E 1334 NI HiId3IC

dan

10°801+

[[+] ..OJ

h...:u? o_.m»
reny 1A 1 NP 24v0 (66E£1 ON ONI¥)

h bs466 VLS

§ osi+ .o.oL _

031n0¥s 15viN05"]

14 212—o|

'14°3ONVAQY 30V4

I8531
. INIWOUISNT
M - _o.J
10°99

10°94 13 30v4NNE ONNONE

_OTON_Xgqi

[}
o P e




ey

TR B et ey,

39v8 30vViNNs

3oV Q30038MI
NOISNIL

+10 x

NOIES3¥dN0D

PLATE 30

— oo¥ -
/ o L43ANt  ON393FT SINIWINNSVIN 9V NIVYIS

oo¥ +

o0F —

1uety
2 3

A ———

||||| 00¥+

18dg@e =7
(N Ty NivaLs

INOLS
V3d 03LNOwe

Ld

o

\\ ooo!

zo+
J NMOQ

dn

PO+

— N\ 20+

S 20~

T - L

12 3
0'€z-73 TTRING
st
$'14 =13 — 7T o NTBOR 36 ROTI0 ™
o.:-.d:.zo..oz;
._On.vUQ_
NiX-1d1
IA

4 e

10°6€ 14




ELEVATION, T (M3

1323 12

10 -

CLgvaTion, £y (k)

e

e : e --""“”"WMM-




. o~ wou wc on . ass e uoe s

4
i
- R > -oencICuT  AveR .

eLevanon

q  constevcrion scrwity

Grmriing ot wotghonps % the ShEC1
Tonnm compivied fram STA THES 10
$T7 ond crvms shebcrered. et
Tonmes shocten
TH ot tharty
Mg shorum 1110 13
Hvatoy stotes 4400
ot Wt < 30473
tasiing satne 3400
enting H1ohon <80 00
Mesting 101ige 1 967 25

NOLE TvROUGH 77378

I
i
4
]

xR -2z

ol 1980

SRAPHIC LEGEND

4 0 leteis Conartnt Rives Siavatin

v ke swsburten faromter o
Arearvones vos
0 Whreen rers mesn

4 winm wne (el ot o bove

R o o
s - - Carand e i otme rpaday

| mmeman

T oo oo

1 D) Mo pomeowner otod by

. O Oveomurton Passaesers maseliod
-

- @Ou.-'-'“m——q

ey o . A A VIR AURILIARY et mETOWTES
0.0 M D COBEAWATION
HARTIORD €T weLL 0ATA
SEOTECHNICAL ENINEERT (e
WINCHESTER, BAGSACHUSET TS pRoucT 77308 0CT 1990 (LKA DEPARTMENT OF THE ARMY
CORPS OF ENGINEERS
WALTHAM, SAASS.

PARK RIVER AUXILIARY CONDUIT

SURFACE PIEZOMETER AND
OBSERVATION WELL DATA

—_———-

PLATE 31




o
« z 4 z H
4 % T o L . o o - < 13 N >
L @ ) A - ¥ - w o« - - > <
he - € b - - > < o < w - -] « <
. 3 @ & P4 € 14 s T - E £ © € 3 < 2
Y > N 3 ~ < 3 & g 2 ° - ° - w > [
2z b3 a2 a Pt > w 2 P4 o > w > 3 & > ) z ]
> 3 w 5 % F o < ; FS 3 2 5 2 w < -
= A 3 b} % 3 2 2 H by 4 4 2 2 X 3 z o £ Py
o
e o~ P2-1 77 74 Resotwos
) .- -t
el A _,”’ e
-0 Tl o I ’
* Mw—_’/\/-
o U piczameran v Tiee (oz-1)
-~0
-0
60
o
> 'l PIEZOMETER IN mOLN (FD-271B)
-
2
z
N
v —4
< U
>
w
4
W -8 |
-4o
<100
-0
-120
130 -2000 L piezomeTen 1w coNDUIT (P2-2)
BCTY

/

OISTANLE To CONDUIT PACE (Ft)
[

CONDVIT EXCAVATION RATE of PRocACYs
“oon

S

T e MG, T o e s e R AT €T T VR LT O e e G I Rl L ¢ v -




- SRS SV U
2
14 =
g H
< « z .
2 & H » > @ N
w . a 3 < 3
- v @ i < < > T S S
EY v > w ) S & v 2 N w \
! 3 r 2 o 2 ° e = z %
2 b4 3 o < 3 < e « S 3
1 -3 2 o - M < < < 4 6
'7 78 ReAD:NOS
e
—_—

EB-2714 71-7¥ READINES

——
DE"A.I"IIINT OF THE ARMY
CORPS OF ENGINEERS

WALTHAM, MASK,
PARK RIVER AUXILIARY CONDUIT
WATER LEVEL SUMMARY
TEST SECTION 2, RING 15, STA. 11+32

PLATE 32




P
N -
3 5 3 < $ : N
13 « T T 9 z « « T
= g « N > x s < - s * <
" € $ $ € < v a s N 1 ° « H
' T R A D D R D S S S T T S S SR S N -
H $ °
3 2 & A 3 3 & A H < < < A 3 & 3 5 2 & A -
10
e, . e L PiG2omETER W 1L (P2-2) 77- 7§ reapmos
0 e
R B T
o TTemeeee s - L Piezomeren 1w Rock (0 24T8) 77- 7§ peAnINGS
-
R
IWNALLESSAMLE
ZOMETER W Tic (PL-2) o —
-20
——— ——
-30
-uo
-s0
o -e
>
3
z
3
2 0 ~
: wHALESSARE
»
1 Piezomersn 1w Rocx FO-297B /
w %0 )
a0
-100 /
-1o /
PlezomeTER 0 conOwIT (15-3)
-120 -
e
w
L
w
3 2000
-13% w REINSTALLED
L
o
<
2
;2"
<
ki
S
4000 (Onwn EXCAVATION RATE OF PROORESS
o WD AN R . e h R e T AT R I




il
— - — - —
——— - - — - ———— - -
H -
1 H « z 13 -
< E « =
A SN SRR S S SR N
T 9 § § $ S 3 2 > ‘; »
|3 4 v 2 M < 5 < H 3
A 3 zZ a - w < f 4 - -
ADwe Y
///

— SUNACLEISADLE

wz-i’__/_’,,/
b i

WAL EssABLE

AETER 1N ROCK FD- 29TH /
~ .
\/1

OEPARTMENT OF THE ARMY
NEW ENGLAND
CORPS OF ENGINEERS

WALTHAM, WAS.
PARK RIVER AUXILIARY CONDUIT

WATER LEVEL SUMMARY
TEST SECTION 3, RING 81, STA. 15+25

PLATE 33




ELEVATION NGYD

20

-3

-50

%0

-100

-ne

-120

-130

N . —_— e

i

- - - —_ - S

« ) « H £

T - L -
hrf « « z w « :
. g « ¢ ¢ . ¥ 2 < v b b > !
s < w e o ¢ < s 5 2 : < < ;
= & ) € £ H < 3 2 5 v H $ S : :

o o

F AR S S SR S R A S S S S S S - A T T ST T
3 3 § % & & & £ ¢ ¢t ¢ ¢ o ¥ i ¥ g ¥ r s

~ 2000

DISTANCE TO CONDUIT FACE (Ft)

2000

$600

7774 READINGS

T T ——
o \/‘/‘———\/\

C prezomemer w Tiee (pr-)

OBSERVATION wELlL ¥ VARVED (LAY 0w 2%

<

PIEZUMETER 1N ROCK (

PICZOMETER (N CONDVIT (15 -2)

[CWWIT EXCAVATION RATE UF PRouRCHY

- Sl

o - -




" —_ i - em e
. ~ >~ o
2 -
< v -4
< . F
© v b ¥ . €
3 5 g £ € ¢ H T
i < © v g "]
> 3 o 9 ™ M 5 1 v H . >
3 3 o 5 3 M 2 H < x < H 3
< a > 3
- < ol (=) 2 o ~ [} k4 < £ - L3

~ OW=-2 77 74 REAQINLS

~—— J\afssir{vAme WELL (N VARVED CrLAY OW-2
o —

Py
p S pPrezomzteR W TiLL (PL-tth

) /—\’E PIEZOMETER IN ROCK (FD-30T8H)

/
e

7

’

/
% [p|ELOH51l'~ N CONDDIT (15~ 2)

N ——
]
" PROLRE 3>
S

DEPARTMENT OF THE ARNY
NEW ENGLAND
CORPS. OF ENGINEERS

WALTHAM, WS,
PARK RIVER AUXILIARY CONDUIT

WATER LEVEL SUMMARY
TEST SECTION 4, RING 225, STA 27+00

}' PLATE 34




dn

ant
- - - e - - 1 zo—
_— —— 20+
. L e . e NMOQ
—— LN ut g
dn
—_—— L 20~
——1 20+
NMOG
e e eooome- T [ P L Pt ——— uig
an
————— N.Ol
To+
NMOQ
ue
dan
zo~
) 0z 4 3ivo
i I LS
e A ADM wh:.. BAyn Z bdy £ yvn *934 & Nyr 82 ADN. 1 AON P 130 002
! ! X
ﬁ 13 ‘ 4 A HT 8 -
-3 83aS Sz o051 >
282
3 €% 8 3 g 525 3 A -
~ A2 ~ N S - Py
w LY o w» -
2 28 2 I 2 - >
. if oo 2
ER] »
53 2
® o
m
3 , H
‘£ ) -
H ~
®
$
H
3 0
2
0%
00!

onL
6'211~13 JOHINVY 2Z'vE ()

i<
080!— 13 o¢
HOHONY 2€°62! (¥)

nNJ

02t

S+

~ 13 HOHONV,2€ $1I{6)

Hld230

“TTNGNOD

e
in

S01+

IIVIYNS ANNO¥O MOI38 L334 NI

001+

$6-

0'22- 13 HOHONY,2TE6 {9)

06+

$64

U

281213 30v4uUNS ANNOYO

T ON XGdR

£-s1L
(18ON ONIN)
$2451 'V1S
NOTIS3S
INTWNYISNT

~

g T - S




3oV0 IJvding ¢ X
30v0 Q300AGNI » o
ooz~ NOIBNIL +» -
NOISSININOD = +
“aN3Y UEEL] WE1
LUIANI

i 002+

\ 00z-
! 3IN0LE
} e e 1HOIY V34 qalno¥s
i SALLLLSE L Tt Z-%N
4 -
. k.
- : 00z+ —| >
. :m z
z
4/ alt
S e ooz- &=
HE
iz
...... . 1431
- D r—akezn > EN N EHW
L 002+
- —_ 00z~
NMOYD
SN AN
e 2 —+ ooz+
- zo+ 4963 TINONGD 30 NAOWS
O NMOQ
. — 441113 SNINOS 30 WOLi08
S e ug TZ11'13 YOHORVZO BEI (1)
ﬁ 5511- 73 YOHONV 21 Z51(2)
4n )
B - ¢o- €14
E211-13 YOHONY, 22 ¥Ei (€)
zo+
T T T T LI DA J T ﬁ
| "]} (L
¢ 0:801- 13 o¢
WOHONV 2€ 621 (#)
dan
— e e o 20 -
o e R A o«i
. T T T NMOG | 1 zo+
b - - . ll')/-l\’ ! ' ug.
I
4 |
“ ant 4_ o214
o - B I . I UL
— -

PLATE 23




— e

Aywnyesa

1301 Auvonvs

¥I9w3O30

FIUWDAN

U0

WIS

asnany

LY

Avw

Tisaev

WM

ANynyuss

NRbI AMVnANVL

YaAGWDIIG

VIUWIAON

Yo

WIVWRLEIG

A5V

Awng

hiot DML

77 -7% READINGS

[ANPE XY

]
-

20

-0

|

-0

\-’I. PiE20mETER W CONDUIT L1I2T@)
|

I

=
b $
!

QAIN ND1awaR1 D

-0

rplelonE'E R 1N CONDUIT (Ty - ()

~JCONDUIT EXCAVAT ION RATE OF PROGRE SY

~

~

120

§

o

2000
000

@3) 32v4 1000807 01 IINVisI

-130




il e — J i}
—h
. « ¢ 5
) < 2 ] 3 g
5 € 3 H 3 H < 3 2
o
)
— -
,,//
[P-:zom:v:n IN CONDUIT (T5-4)
LAY( of PROGRESS
DEPARTMENT OF THE ARMY
NEW ENGLAND DVIBION
N CORPS OF ENGINEERS
WALTHAM, MASS,
PARK RIVER AUXILIARY CONDUIT
WATER LEVEL SUMMARY
TEST SECTION 2, RING 548, STA. 43+50
: PLATE 36
¢ %] caPAT I, e T gl e L ,ﬁ,i*,\j' LT




ELLTAT

LYY TLL 14

YIAwyI 30

WIYWIAON

b1 yIQGOLW0

¥IQw3ldIS
PLY.LV
@
-
~
~
Arne o
)
s
-
ELLIS ' m. M
;e 2
t - =
Do a
: @
03l AVW on -
P u
Von M
L ® o
yay ._ u a
1 -3
Pow
i ﬁ
OBV )
,
'
Advnyu :

Mbi Ayvenvr

¥IWwI VY

¥IBwzAGN

¥3IVOIN0

¥IQw ILdIS

asn0y

g

biny 3w

o0
50
“wo
30
20
\0
[
-0
-2o

o
7

-30

o
°

-0
-0

QAN NOILvA3ZTR

-40

-40

=100

IN CONDUIT (Ts-7)

N Piezoncter

g

-0

JLONOUIT EXCAVATION RATE OF PROGRESS

o
i Pt
{+4) 39v3 LiNANOD OL 3INVISIG

etintPava e




—
/
I N : 3 ] -
W s « « = < S

T S T T N

5 s H M $ & g 2 w >
AT T A A A A A A
|
I
|
I
i
e
)
2rg)
b
kF‘-nor\;rgﬂ IN CONDVIT (T4 -7)
S
TION RATC OF PROGRESS

CONPS OF ENGINEERS
WALTHAM, NASS.
PARK RIVER AUXILIARY CONDUIT
WATER LEVEL SUMMARY
TEST SECTION 7, RING 797, STA. 38+55

} i PLATE 37
r T - - rr—— o —— e —




ol

e e

»IOWNIQ

BIVWION

8Ll ¥IVOLI0

U IYWIMIS

a5n9ny

X

Innt

C%b!  Avw

Taw

Hobww

Abvnyl3s

0%bt Aavoewl

YISW3II3Q

¥3BwIron

Bt ¥390L0

YIPWILdIS

1509y

Ane

kihi DINNL

70

17-7% ReaoinGs

(01—5

 PIERUMETER TN TiLe (pz-5}

200

10

T

(?-Plzzumcvsn IN RUCK (FD 1$TA)

3 %

QAN noawadd

40

T

raal
{

/

§

115-9)

N CONDVIT

EZUMETER

I ALATION RATE 06 PROGRESS

g conpnt

~.

|

¥
(¢#3) 354 1100NCS 0L PINWLSIQ

-100

1o

e s R

.

Y

Tt et s WS S




s ——

[PrEzomETE R N CONDUIT t1s-%)

FLONDUIT TN R ATION AATE 0F PRAACSS

DEPARTMENY OF THE ARMY
MEW ENGLAND

CORPS OF ENGINEERS
VALTHAM, MASS.

PARK RIVER AUXILIARY CONDUIT

WATER LEVEL SUMMARY
TEST SECTION 8, RING 840, STA. 61+ 19

e -—-Lom;w,-m—ux«

-

..

e p——

—

e AR, 1, IR Y BT

PLATE 38

———— ——
T ——
,
——— . . ) !
1
!
1
Bl
B
“l
!
8 1
1
b4 k) _ c ;
i 0« 3 0z g 8
z -
S O A A O O O ,
, . B
* :: 3 s,
; E ] 3 2 9 H H i 3 H 3 1
1
M- peacipn
F PIELOAC TER N TILL wpr-5)
- - e ——
RUCK (FD 1STAY}
- - TTTTT————— . - — ,4_—‘—‘_"‘-—_"’_"__”-—




Nt Auvorw

WIOWDI30

WIS W DAON

VIV0L0

BIVWILEIS

ASnore

Ang

o8b Avw

NIy

Howww

Awvna9sl

ager Asvonet

YIWIIN

¥39W3non

¥IU0I0

YIVILONS

25w

Amng

b 3nng

80

I

10

INNACCE $SADBLE

[d PI62ORmETER 1N TILL (P2 &)

(1

50

20

-0

Imaoncven (N CONOUIT (1%-9)

RATE oF PROGRESY

CONDUIT EXCAVAT ION

I |

{42) 2ovs L1nane> @ IINGISIO

QAN NOlLVADYE




prens

DECEMBER
MANUARY TV

SEPTLmRER
0LromER
NoVEmDER,

FEoRuARY

MARCH

APRM.

> v 3
b4 > 3
£ 3 A

g seamE f

(— PUEZOME~ER \N TILL (P2-§)

rPIEZOMETER 1IN CONMUIT (13-9)

o
OORE 9
OEPARTMINT GF THE ARNY
Tt O Do
WALTIAN, M.
PARK RIVER AUXILIARY CONDUIT
WATER LEVEL SUMMARY
TEST SECTION 4, RING 1394, STA 11+00
. 3__,. PLATE 39
[ = “W U ) T

e — e e




el S ——— - -
P
*7 H PARK RIVER TBM PROGRESS HISTOGRAM
=
k4 7
% 7
|
% 7
’ P
'8 /’? A : Z
s g ‘ .
x = i A i B 7 i
@ F 1 i I Ak >
% ' ! l | = | & o
Q| ! | i a1l .
W jw:a wKD wko f b k0 X W || w0 F -0 WKO
$ 1 i 1z rir i
3 LT ' r; ! ?’”‘ P P n [
Q ] M oM & HERERE ; L
I ! ! o ‘\ | co |
[ ) -
s R I .@
e i * | o ‘ |
A | : | ! | ,
| | | | m
[ oo cc | MM “ c¢ o~ “u
o i l i I ; !
! [ P i Dl } 1
SIS Ny . L L - ‘ — I ,l L
% 17181y 0 223N WY 23 56 7 ;"?9"; 71727]/’31114 //751‘/“(//7 ’/7‘;"?20'-,2[!’57, ﬁzr; '24 7;5 7
10 ™) 10 ® w ®! o @ To Qﬁ
3 S ocrosER 79 | Py NOVEMBER 79 H
A A ! ; Yo 7O A
13 e It e 5 % 21
) T R
60 33 90 kS on 7‘[ 88
57 6
] 2
" - o TOM Maneuvering Adjustment Perd - } ?
W
L :
5. - ; | : P
¥ 4 I -
u Z ‘ N |
% 1 »'; - ‘1 ) ?‘ ;
& o 1
] ] Z! zZ = 2 : ’/"
< Z 4 : | ‘ = .
I . o | : | |
w : i | | .
w w0 wxo wko | a0 Wi Wi i wio wKD T | : | ‘ 1
| i !
4 ! i i wo. | "o \\ o
DR AT s . .
. (E/i/ ( : /; | MM ! | o - ‘ LU
. .. [ i - ’ i l ‘ | |
o & ‘ = S | Z b 1i
W W 4 } lun o Nnmnow o | ! oM Mu wm vy me | AN R ey l jue 52‘ | ‘ ‘ ' |
Z; RS I ‘ ' P 1‘1’1‘}‘ [ L |
f ‘1 L t_l | ‘ ’ L L ! 9
VAT a9 208 d54 28 2 77 37 (K FEY Sn AEEG 73’7’70_7/‘77‘?7"7! P AT YT T TS TRy G s m',c"éto EIF PR
./m?’)Y ” ® : AU%USI‘ 79 Q ;O SEPTEMBER
1 1 K
10 " [\)
) * d7
. B -— . e Lz RSl Ry S . - .




S
RESS WISTOGRAM
%)
- -24
bie
!
Z
| il
i
[
| ]
F} ‘. H ; wxD wkD 2 ;ﬁ WikD ! 12
At ( T ? ‘
. ' i |
[ ; ‘ )
- { s
P
i ) -6
[ - /
: ‘ 1‘ ’ | 1 X .
: l i ‘ Pl ua v Gm: | | |wu i cc
| ! )
b !
{ [ " ( ’ ! | J
rrsdae Ly sy ] 7 YT —7rryr srr!llxrrry Sy -
90 22 23 24 25 26 27 2 2? 30|/ 4 3 4 5 6 7 0
Ys° L To To @ 10 ;
i H § DECEMBER 79 5 ;
A A A A
ZJ 23 24 26
8 ] s 4
0
LEGEND
- MP -Mole Preparation
(j CC = Changing Cutters
. ’ ‘ 20 WKO- Weekend (| Shift)
Z] [ MM~ Mole Mantenance
‘/1“ | | GH- Genera/ Mainfenance
' ' | ; @ week from start of work
z |
| ' |
- Z4 C
1 |
:"2 ' .
| 2 = ! i8
! z 1 A '
- i 4
{ 535 | \ z
. b
o i ‘ r F ’ :
e | | | ! v i o
. ( | 70 P 1
weo ‘ i : | | ; | .
. i | '
ko wo | ) wo } i Wa‘ Mo | | wko DEPARTMENT OF THE ARMY
- | ! - CORPS OF ENGINEERS .
L2 7 4 i | oea ~'| { ! | ‘\ e WALTHAM, MASS. ‘
2 o e N |
o v i & i 2 b PARK RIVER AUXILIARY CONDUIT :
| 1 ‘ ; o j l i
| ! I i ﬁ ‘ TBM PROGRESS HISTOGRAM
| | l \ ? i
7 ‘4 :D, 8y 0 /7@1)! W /t:é;o 22 M 22 2 AN Bt Wy i A T iy s JULY 1979 ~ DECEMBER 1979
E 5‘ SEPTEMBER s ® OCTOBER 79 @ 5 J
4 3 i To 1
TA |
Y P ,‘, 4 i :
M o1 ks » @ : |
/ PLATE 40 ‘ ‘
LT TR T e s '

R




-
G
\\\\\\\ T _ T - =X
- T
S T T S
T N -
e — ER N

8 2
x
ES o -
~ ..
% o
S [~ A RS
bea —_ —_— e - -
— o 8®
| T T - — T S — - I ~
M — \/Jll T~ T T "
T T Tt I T ne 2
3 e — -
< - t —— T D
o ¥ . o N - ~
<& R e —————— 'Y
! o LN

[z
GM
17

PARK RIVER TBM PROGLRESS HiST

ynoJ/2 13 14 /5 16

p -3 « N

" 1aiHS F3d 3IMVAQY iFFx

EY
30

s
T

FEBRUARY B8O

A

46
+

38

- _
ST U S
e e e e e
[ S el - —_— Y

I O Twd
LT LT D Raedey
-
—_ - - Y_D
S -
L TTIT TS T T T e -
h C T o -~
e —— .
AY o
X o ®
EY 15 N
O - ¥
S R
p— P ——— O
S —— I— 2 3

Ve S—————

o LT = - (8

WKD |

YEAQS

WKD NEW

i MM MM MM

= .s
T T T T T o -y
ST T
o A S
Nl —— S —

30

8
21
6

1SIMS Y3 FONVAQY 1334

‘ 2 N
388 e s

@

)

e s 1 s

@'; DECEMBER 79

I

ro
k-]
T
A
8

as

A

k24
3

%

3

Ty W

.
"

Nl




PLATE 4\

- = O
3 (]
g g °
s o 4
» © o G
: Lo
< > " «
- @x -—
.3 £ MN s T =
S 2 5 E 1
SO 5 M m x b4
Ol% z36 > v
Mn (T/I w¥® ., P w o
Loy 2023 ~
-~ ﬂ.f% m - m ax o
ﬂzﬂ@l W MW « R
T ox % b woO
Q 3% 8 5 > g &
2 338 [N = wl
w YT ¢ x QO o
v opesyd 2
- &M%W 2 M w m
11089 S -8
GIOR
R X ® © » R X ® > ©
- — — s a—— B —— ——— - - e ——— e
W rTTTTT T S T T T
2 ) - g e —————— ~
N W e . ~
w H e N b ~
< m.r'.,.r..l] . . T ”N W X 3
R — T s R ] +
[ N— — o e _—— -
- N PR _ 'S
L e = ®
u - [ .
£} ~ : R TR R v Qer
. m‘,||‘)l\l'
u3 -~ e T -
~ TN T ~

VR N
< -
"
3 3
.
Q
w ? 3 R
S 2
3 88
3 - — T T -
,. —— "o
U Ut o -
M e - o
T 0 t e
J— . &3
R ——— T T MRk L
N —— - - a0
™ =
R S N
5 . ~ RN LoDl R
N ~ N C . >
2 o -
s G N 3
Y P
e B ~
—————— [ LMD ~% 3 T ~ >
U ~ — [ —_— we )
——— . e e e - + .
_ [ I . ~RE . T ST T = 3
I A oo o e _~ T l( _ ° 2
e Do oen N _ T L =D
| T - ~ _
N L
) P
e . o 3 .,ns
_ el - P b
|3
—3 N m A= N.n
N N
- @ - ~

33

——



~— —_ R i — e . .
N = T -4
. 3 e N\ U I S - X +3
g . e T @D vep 3
) , e -~ i
: 5 - 5 (2
N S 2 b3 =
m ‘ [ »
- » R
o _ o ora 3 Y hoave = sm
_ ﬁOw . - T
= \ +
) — JANMY ‘nm@
I D\ +
o i
w | [N\\Y - T »
o i 1NV —1=
[V . "
R 3 Py
| X
Iy R . ~
b3 AN\\Y = T
o ,. = : — ™~ AN { el
1 S , R Y
o a < ~ AvAY — ———F o
w x ~— TS R\ &y N
_ m o 8 r — ; AN Hvam
_ R I — < T .
2SS T ]
Y BN ——- ﬁa_ NS T oesd
X BN . — —x 3
< i — S o1 [NN\N -~
| o T N L\ 3
., ! 48
,, Nove— — Ny LG
i i T b R o H12 W " “
_— X e
o AN et
K NN &
b s - A — T ®
u3 X AR =
=+ ANWY - 3
o SRNAY 1 g
N T -\ t ]
T — s T Ao 3
land - [~ AN =3
o R AN C
R\ — —x
e AN 1TR@ ¢rounp e a
o K P N X %
[e
P — —-% j— L
N e .
— T Sk 8 ANV e
BANY 3
o 3 | ® A\ Sy
¥ ~ 3 b,
3 k> 4 3
S 3 R s 3
E R
NA\Y S &
IAVNY — — E— 8 S —
aa i AN s
JANAY — - N GN 3 ]
- — ——F%+ § 3 n
- T ) Lr). T
23 N g
A\ .:.I M ~
X . Sl N LN
™~ +
X hELUS N ¥ T~
FTANY
: - = st
X B Y A\\\Y Bt
N 1 Te [A\WY =S
¥ L. AT BSS AWV
: Lo [NAAAY o
T R %)
§ + LAY 3=
Ie AW — Tn
N lu_; — AW N
i o Y = T . v
s Nemn— ) R x ® ~ °
T~ : " LIIHS 23D FINVAQY 1337
dAINS A3 FONVAGY 1331 3 .Am.a
L 1 1 -+
2 5 ® ¥ °

»,-.k-ﬁv-mmw-w‘f i

PR




'
'

tuvslz TBM PROGRESS HISTOGRAM

20
<
m r &3
rHu S s O -
S « [«
38 , . i 5§ =
Wma — I~ S arx geox . ..."/d M “ m W
ET * T IN® i8¢ .m.».m ¥ i <
T ‘ — NS RR » : g0
il B35 S
} ’ EFsYS gorg a g o
JNW R Wi m.ﬂ 8L : @ ®
= ] Jl3i3Ess F & o °
CDMOWW % 2 m
Q r.L. ) .HW@ - 4 T
¥ 3 o CMMOW x (]
= 3 s s §
i\ &
BT .iﬁ ,%N m =
[N —— O :
AN — 3T w [~ - © ~ O
e S B ~ — g — . —
& N
T3 ¥ 33 |=8
H kmn > N\ — vA.mmM
B 2”
: AN E
3 = —
: T - $-®
— — ?H 3
$ . N = — FR
: M e
x Te M L I e
FIOW 40 LINFWNIITYIY 3 ‘wz N T opss
1 I\ I~ e
! EX N
i) l;l! < ~
rﬂtm . P 1
i L ® £ 3 8
NO/LIFIIG I LM L AINS TIIH.L NAOCT LHS T . .90 By L
-~ »
QﬁW(llidﬂllilire BN\ — EL
B R - AW :
S il B Ex
Q AN e
3 . mi
N aIoNTI0S 204 oL . t ALY E N
© ~ FANAN 3
N AN E g9
T N\ — TR
I “m 3
— B ED
b
W _ % Y _ 8 A Te
2 N @ v¥ ~
g = j e ™Y = 8 2 N .
Y m ASSS WS N L3 3
3 WY e —— = — 1o IS
D [ — N R — [aW- — ES. I
e —— T R Sp . N [ oe%s
5 , o — - - b
NN ”
o o
y <3 ~ XA En
N T
; - A\ 5~
; o N A
L ® — N\ -
: e [N
4 p— — H 2
Gt T Seo T . ”‘ m -~
A - ||mq| L ” “ m
: e D o AY) -4
heo o E N
— oo S\ — P ond
=7 - o
R oot = _ A S — te v
N s - AN T ®©F
- g N S IS .mwv
" o = r
- o R A\ E K
—_—— s v'.rn = — A o e K S e et vt i E— L .

PLATE 42

| v

A

b

AN,




Feet Moieq N
- U Exclosive of Down Time

Feet
J'T,;M'p/'-" Inctusive of Down Time

| ==== I RN

AS- aUILT ROCK STIRUCTURE PHOTO LOG OF ROCK ST

o - o uigprtivang®
Tt S ek bt 7T 71 T T RECCONSTRUCTION ROCK STRUCTURE
" AREAGB - — ——* ] L -
“——""‘49{15 ————— o 4047 Favit 2 ong
iton? ! AU
1
oAV o
Sl |3
g 1:
s T SR N - g |
d3000 Bl 3 LN i 95400 918115
I RN Vbl TEST SECTION 10
th ! 74 0 SIa. 95454

O AACK MO0 HARD- HARD

e — MOD NARD - KARD
- Pl e T S T T =T
' . ~ - =T =
T Rt Tese < ACEA 4 —————————— | ST T AREA 5§ —————————— > < — - 4EA €
————————AREA 3 ——- »i
(Cont) )
sTA_ T sra 7T 7 T st T T A — Y
60400 65000 70000 75+00 a0
TEST SECTION 7 TEST SECTION S
g, 574.58+55 STA 6119
Conduiting
rate
£7
Hr 28

STA ) T T s T T S7A. STA - - o
35,00 40200 95900
TEST SECTION 6
S74. 43¢50
[ go
Condviting . _ ODOWN TIME MOT ACCURATELY RECOROED F Tvl"::l.’#‘
rate - 8 K}
£t b~ L
He
e l Sy e £ ]_.- i I ! 5:---___4“ e
Ty -+
%0 Lre »
STA
10000 57A %
TEST SeCTioN 2 TEST SECTION § TEST SE€C.4 TEST SECTION
STA.//* 32 574 24000 25000 Esu 25‘ Q-S
- B

T e T A Mt - ¢t




\

e r M
'/;,71,!! Fxclusve of Down Time
,:,.Mﬂ’d Infusive of Down Time

t

'AS- mUILT ROCK STRUCTURE PHOTO LOG OF ROCK STRUCTURE
f
|
|

| PRE -CONSTRUCTION R0CK STRUCTURE

|
|
i
i

z:f«_+ole_d_ Excluaive of Down Time
%‘—g— Inclusive of Down Time

0 N L [

R ES- BULT ROCK STRUCTURE PHOTD LOQ &F ROCK STPUCTURE

b k0

LTI T SSR: PUE-CONSTRUCTION BOCK STRUCTURE

! T D : - —= ) ; &——aceais
{ < T T TTT AREAE T2

- !L'-,';;M Exclusive of Down Time

— m—:,;/i”"—'[nc/aswt of Jown 7ime

H [, a8 BT BDCK STRUCTURE PHAW LOBOFROCK STRUCTURE

W»\me

T LTI T .

: .~ = PRE-CORSTRICTION ROCKWTRUCTURE
—> '«-—AE:AJ

GE! INTERPRETED COE SYMBOLS
o S - (AS- BUILT) (DESIGN)
oo 53000 [ At i s o e
] hodite Wegiiud - .
| -'5?_3'.:._."3_!&""-'*"'-":’" Y o swvvere
| O st o ki nayes. B swar
l Coek sty Alory hawios B entearmis Sums
! ge g ....,‘un-hd: ,
=D 52 ot Rt = | | L2
R T S0 B g on
- SEPARY! M

ol | LLL
- —_ — 1‘ i

L
o R ° i PARK RIVER AUXILIARY CONOU!Y

AS- BUH
ST Lot o o T ¢ |PARK RIVER ROCK CLASSIFICATION V8.
MOLE ADVANCE RATE

[ - - - - - = PRE-CONSTRUCTON BOCK
; [% AREA 1 27'3 STRUCTURE
it N@TE. ”
Ta* STA 25 Representy 1he point o* which the became
TEST SEC 4 ZSS'Aw TEST SECTION § routinely consistent. :e'gm ﬂmpo:n; on %I?m n
STA 24400 STA zr,m vorious rock w:il be computed

} L PLATE 43




e,

e

. f { & - ,.. i = - 1] - —
..... T ss0us b popucs - worysesasyun 42.r~u M v 1 N J/ 4 ,_
#0 ISOIG ) 1140 08, IV 62 MY L2 o8 Q 5 ! 1
, f , 2q 2 1N + f
N R A N N b A O O O O
| N , > SN T
M {14005 » 4inpuo 40 woryr0s N ! 3 o y LN H
Afl ~syut Buriserq § Buiprag N\ﬂxa\.h o | X - L e ;.Vﬂi|| ] ” T . _ % ‘ .h uﬂ o
_ Jauar CuriSed 8 V4G 08, 1 _ | |
w I 1 / . i s o3 ] ! % | I
! i S . , 3 o1 +l i L“ hY !
| | L o fo ! 7
*1 \\.4\/1 - S T» # T b e I 3 L] 7% i
. L6~ 17 01 154G 08.50W L2 | ! > ] — !
' | 6@- 13 01 450/9 08 MW 61 ,, 3 ﬂ ! | d
L | (/L= 13 % 4509 I8N &1 I S R A - IR I | o
R " T09-770iisoig oa49¥ o¢ : w o ; . . | o
| | os- 13 8 ¢50/8 0840y 82 X a S i b /AN @
; i 13 %4 15018 o8 2y 8 < I T [ T 'AL \AA T —~ o
i ! vN. 139445918 0847y 2| _ e - 4 ) 3! . W
, R 4 2-77 %1150/ 08 40N 92 . s R B ,TP Ur | L.
' Q- 1704 253 0 10N 2/ AM [ ¢ S
! f 9 17 SO1F 08, «W 9 = w N ) \ .
; §u1501q 4SI1y YON P | q X | L. Vi X O L + ]
oot 100 o0h St 08,927 L2 ! >4 ' ] H Tl , f ,
7 NOO4 O AXSD \\\\\D\Sav QQ 94412 W H | - : _ " Q| ' ; b
, _ i . -4 ; P II + , ,Tfol(lii
! . . L ‘\L . -4 = . | , ! . | ,
[ r T 7* / U 673 wo0s i 0f vor 52 - , L i , Lo
\ 1 L e ey " .
ﬂ h i : M < I o | :
) i i | i ,
” s L b : ! R AN
f I | £14 17 40 514Qp 10 rorOwdd ﬂ ' _
¢ i 7 & wp M0)9g 6L, 220 8 M4i 2f q I J - —\ - -
i H ‘ 22+ 1747 S14qaD Jo [oA0was , 4. \
Tl%l“\lﬁ‘l’} T \lﬂ\ - Q\ !EQQ\LQ T P )\S\ AON 82 _ . ) _ . '
i a 3 b e —
4 4 ¥ = ; _1_ A
'S8 H d\u —e e e +
| ‘2 M i .ﬂ\ﬁ\h S0 1000w s &3\ AopC 1€ 908 82 — S
o \ $Pe 17 fOYS IS 203 1I4S 130 92 S © ! 1 \ B
! , _ - She 17 11095 J0 PISPO 2% 184S 730 L1 A YL,!PIJV —— Ty
I - W N i }\\)@w botarsp \\b\h\n%ﬁ I3 & ; , . _ ,
' . ,_ Rt SPRO puo oo ya0m Buipedb JIRSEL \\Uu.m\ ~ ' ) \ i n
| ! | B Po 1015 YOI BE I IGQOW BL, 4995 [, 1 < — T Y °
_ D i | i _ &
I } } - R e e - Lo L] , N
: ] 1_ | % | | 2 ‘ ] : ! N
| | | | _ < i LT o ; * R
‘T - 1 | Bl 3
| , . ﬁ > ] ;
| L I ] X
L ~ : I -
4 } — .
I e ¢ 2 e | 3
| 2 \ N
| 3 . 2
[ | - - 1 L3
e : 17 | g
i | | > | | °
_ W , 3 =
| ; .
; W ! IN Co T N
+- = - . L] . PA* N
T T s 2 Rt e $
L B L B \
; o B N .
1 Y|ﬂ ‘ J.‘
\ i | « Ll i1 -
o -~ ~ - > = £y -
. N EDSY o8y ¥9 3¢ 33 o8n 33 3§ 39 83
! \ 1§ £ S5 €% 9% s &8 T4 s Ig
1 N 8 iy ¥R 38 R 8 v RE U gy T
N - - — N g~ . s
‘ m mll - o= <&t N e 5 U
| 2| S < ol S | .5 3 R S -
£ 3
g\ #\ | = 3t S RO U B M
| | R N - P 3
- - ) | w « 2
| I b 3 | 3 3 ®
! LSl (S 18 1308 [~ 5! s )
| N < N S < < 388 N s 3w 3
W 2w 3 % 9F 0 s M 1S N~ I3 2
! 2 o ey 23 £ IR AETRE TR AN IR AR N
| | N ISR R R R RS R I ER I
T I ﬁ I ol Sl sl IS RY ) £R IR FRER: -
| _ AE AN RE S AN S NI RES AR AN R SRS
* Sl o®) S5 35 ) Q¢8| &S | o | 8¢ SV 2 1
o S~ - < © |- o © n
[+ ) - =
S 8 E R 3 2 2 ® 8 2 ©
- INZON3D
Y - &




)
i

PARK RIVER AUXILIARY CONDUIT

1TEM NO

INTAKE STRUCTURE &
CONSTRUCTION PROGRESS CHART

SCHEDULED AND ACTuAL PROGRESS

(BASED ON EARNINGS)

]

44

PLATE

Revised Contract Complenon Date @25 Aaquss o

b3 -
< 2]
2 ] ﬁ | a
§ , 3 |
s ! ! = !
S S R 4 S S MA 1
LY IS 3
o < L rL.
X Q - n .ATJ
> < :
[N t q 3 !
O ! i R !
h ' 8 Ry M
} . W - W. i
. { N . i " % + .- -+
! b R ,
{ |
H W TM? | o -
! . - < .
i . b 3 ,
! > N ¢ . ——
o S ,
| 3 3
- 1 : . :
4 , ) " S |
! | E L 1S : * . ‘
) ; . 3 s 3 : .
I WU SR S ' o 1 iy 3 ,
S 04 564 /17 290147 8 1877w 62| , = | | 1
SEP 0 P99 13 200 4702 185w 02 ( | 3 x ! !
#9% POP 13 20 XD G5 V8, fow 6 i X 2 | , i |
T 1\4!3 - T - 45 - . ! by | T
,, , 3 N o
JB 0 BB+ 1T 0D 4T #SIE, Y 9 : i < _ [ S S e = s 4=
— J.TlT«lkdﬁwﬂt W3 R 0T R — N |
8E« W2+ /3 90ILD O8I “OW 62 | | o “H
! I ! L&+ % 91017 DUOIR D O224OM 6 i | < W\
i | , L2- U Gp 1T F0T AT EV AW | ; 3 < |
4 ; ; 0r 4 507 0345 067 991 L2 | S 3 - 4y +
_ ! 91+ 04 6277 20917 961 Vo452 : N - 17 1
I G4 9 G 17 XD (] JEZ IS4l w© o} 3 _ | I
£+ 04 5 17 WOD LI 26 FHX s LI |
| LdE s T Sl . s Tt
YN VN -6 137 A 2 . o ~
& I 17 TET 8 6op 62 | 4 u\_ cid N
* _ " _ > \E - ; ] 4
- VES- 1710 7407 A2 051 /B 6 : 3 N — _ :
——t——p——— }— -— -t Rttt SR - | 4 i
622008172 2002 12011 08,990 61 < ! . |
/b UPS- 1340 w03 A5 ORI 08,220 2/ ! , $ K _ ' A
VSUR-/ T 4907 4 ) 061 OF 2906 | i 3 H * RIS : - A ~+ 4-
e - PR . ] LS \ ! i
. 3 ! ;
99-%/6-/3 W00 4 ) OBE OF AW /2 I ! . 2, * j_ [ W L i
| _ | 22~ o : i3 ° Y R
96~ 17 220D L) 092 08, AN § < b | W .
L LT G B I N ) S <~ i P T
06- 13 18 34043009 4 0\59 0817082 , < _Tﬂ v _ T P
L6- 1742 \\\\Aﬁxo.u A2p21.00 4012 | S i ~v o ; | _ ; i
1 . o - S — ot 4 -
| mOgss 40 sy wprins G, 490¢ _ N, e ST Tt —t ' -+
MOG> @) Ry M0 K269 05, J9IS g2 | + T 3 v ! [
LAOYS Byinpuor 4o GO o8 sM s || | — S | A . . S I [
404510 B 14y GYNS L2 Ayt £ a | & B ' r 1
| | P i i " s ' ! ,
1 1404s :S\SL. YRR N T (i M e I 2 A. ——
40 5019 P 111G 08, IOVSZ 442 | ~g | i ,, o st N ! :
. ok 3
i ; | 2 I ,
,, 2Q i | < L : X ! i
- — + S 1 N M > b S | \ '
, i , } | 33 , , o - S N . . H
! | ss0us » ginpuos g0 wois 505 CU ‘ 3 o o I 74 ! ) )
|y e borsmas boyig ogimre || N B i R o [ f ol | i
; 1 t I T - 9 s 444 - 4
| ! | | N > % [ ! | i
| | | ! 3 A | . i
. ; | ! > o - ot X
. ' R o oo Nk [ M \ !
| L6~ /7 01 isP1G ORI L2 i , B - |
L 68- 17 01 450/ RPN 61 i , 3 : B B et M A - =
12+ 1391 452/G 070N §1 _ b 3 by | ‘
169- 176750 o 40 0g ! ' - " = R EIR IR U S
[ 05- 170/ 45019 0849y §2 | & s , | I
; | 1717 %e1cor8 0pdrg ,W g ¥ : bt
. . #0201 1508 OBy 2 | I R s ‘e
/ Yz 170105019 05 soW 92 ' @ N W
91 1704 207 08 10N 24 i : .. B .
| 01170 i51G 08, 1om O 3 | w o t i W b ._: 1 t -
' . N \ 140YS ULSOIG (SIS SEN P | ; » [ P '
: oy Ly P5and §obrg 16sig 09,9494 2 , M P - # Tol ;
e ) 08 944 | . Q@ !
2 08, 72 1 J . ! _ | W \
oo v

HA

R

PR




+

-

v g0 1

‘Siomun> 0w 4o
B2 0f Srp VO yDIDTO HOfS PO foeyS |

ST

{

/

LT
.vY_ ' VYO 40 08 o 3/0cs PASPOD Mis sl 4405 OF UM L2 NS OB UND 61 Aepd T W
~—~— . > i S
, v . LR S s e e - \:L M
: b
/ : | , , 4 & 3
| ' b . : !
B - | | : ! | 2 N
P 1 D IR e = T x
' ' ! : | i o Q
; W . , | 3 a <
— —+ %J -4 - 4 } — ﬂ_, =
a
| / i ﬂ | ® - $ Q <
| ! | w Q ' b3
i ! , ! | b A 3 <
T :
; : ﬁ | _ | . qQ R b
I SV O I ; S N A ¢
(SR P A VIl S S N S N S S A 3 <
,, , 4 | , @ < “ 2
. w N)
T b ¥ g ; S| N 3
. . . . y . . = —_——— - ——— 4 - o
_ ,, , o ~ < ; I /,, N Z
| Ea g ~ . S 3
* T N I < Li ‘
— . A. \.* . + [ v.,«\l.lt M T|t 7% 'LTN 171,,! .
I ; ; i ~ © | Q
! | . “ W
L _ | | W ,_ S 2 3 | 2
e el T e ol —— + N -
jp Seinithlil Gl o s p— = T T —— IS 2 ~
A T B : o 3
i : . H ; x« _ Q
! ; _ YOI 4YSUOY §rapuc? Burinp W T
_ H s . | | | L
' —_ -
ﬁ ,. d— XiiAigoy ON - AON OF ©F Qo4 OF 4 DIOW YIM BUIU s YIS PUILNOs 4104S B4 995 S/ u'.
! <
; _ , ; _ @ I | | v
il i f.\\\)oa\b. (emﬂ\\\ofhnﬂa \k.u\m &2 h“..t 2
A!.r‘ T ﬁ PG jsmdy Fire5 J5 014 BL, O 0% " v op pUQ
,. = Spvawbas 1A . oS [/04Sur LIBds 6460V 6 <
, ! _ “ I N . ! N 4
| | NC T T
u _ * 4 o WOAr g g s s 1 1l IS [ 1024 SIS 6d PP EI M ~
| o Ny
4 OF/= 13 1445 WOHOG 404 pHS0IG 8L, 9T I/ S 4 w
! L w A 4 N N Weswdinss sro4f ap0er vo yiom o unt w/ [
' 2
! ! _ y ﬁ S _ ~ v 1 7 3
. : >
I 4, _? M 4INPUOD Vi PIDIYS ID4ND SIMOT 64 \W.v( 22
3 + —t 1 SYUDUIBEIS [DA.UODS JO f0As140 4Sily 4 Pow £/ b
, IJ P4IE 4O Sps0T0 Dpows (ry 8L FOW L7 I
! __ S /0ws 40 AIQuISSO 47015 62 POWE b 3
2 .
N : | N
I #2904 0 4SON 45414 § \lw\u. 02 | qQ
2207 IRS YIO4 Lt $2/0Y 114D OJU JPOF 2 ~
ﬁ M /A.w“c\\\a‘u\x\e\\?h &Mi“\\ ‘t\*w \wn s\\h.m,“\\ s Sss00 BjOUs 40 [JOAIMO SIS EL sy 2 <
! n
— L « 2L 13#¥201poy200y By, 405 5 P / [
i W / <
o
I \ 3 ¥
B <
| W¥ -
[~ <. BL. P/ 1€ IO YODS [1O4 S4343 JOYS (1045 && FN ¥ -
$3 RRE DS
N X =]
|\ S NEEK
—+ 3 s 10X 2
PN - 2 w 2 <
ol X S
S ¢ 3
4N 3
Wl / v MJ O
-% / PRES P34SOrg J40YS 431400 4O woMOF @ 3% 1 3
'R £ ]
S¥ / rw g 14 x N
w > g Q
¥ ~N 8Ly ie ¥ m o e
33 ~ _m . L < [
3 M
¥ NP .~
S ~N o s
e _ N 3 Q
x
[S
/ ”
8 I
. 9 Q £ (=) < Q
_ o921 § s & ¥ § § ® =& ® 9
8 : ~ 8 R s R = ° © ANIOHIS
INFI23d
- - —_—— e - I - - - s

R

T e agiiihd

e e




. A Ty T o
-

e Syt =gt
L N "
T I 1 T Q
N W P <
pass g f1osdoy saydwoy 1661 Fry 12 3 b “
-1
] — N_ © - z € W
ysom Berppo¥ 2)a/ w0y Binf g N e = o = “ W
= < Q -— - - &
3 z .Nn - £ 2 12
> a
DIsb [929us8 P N JU. . o AUD 4 z
$adloss juswyuoqus Ixip buipesg (861 Arar O Ayl 1961 Xnf L1 M 3 ] m -2 = M
3 < " >
L | Py GerEii
] 3 K1 - S T
! T 2 5
i 3 ) o xz I Z z
s 3 38 I WO o5
. = x s S
o > 3 z 3
T o« x < 4 Er < ﬂ
| ! 3 3 g - > Wy @
| ) T F = £38%
1 s So Y-
Q x =z 2
| 3 < § ©523
! _ | x a O w
| f < T
| hap00,) woniss 53 niom O JoN Z hiYi 9% 52 | m “
! i o
| | -
I
r R -+ t / o3RS 4PPUOI 1By PaYNOI9 (9 934 02 M
: | | ' = LN
, , ! , , : 3 |
i A*\m}\ # L7 L8 WOP 1YL 07 ISl 0O 4ONOIL (485 16, YO 9 S P mw —_— -
T ” T ] | |
PAPIINIYS IO WP IS SOS BUIIIIYE IA14D 34N AWD) ), 290 6/ 2 Mv
ﬁ F b ] aQ ACJ
* ! , ! “ - 8
N
B H ., ,, Y b \L S .
N B S R 1 .
R 3
i _ ' . ; - 3
SITYIOLLE VS WOy T - Sutt shdigS I (0044 OF, 120 [ A &~
] 2INyINYS \Q\i\.\\\&uxxw Red &_W\.WWA ..\.\\m\. P WP \.Mh\‘ m.\ \&\h& \;1 R I E——— N
. P14 I418 16 WOPABG 405~ 240ydiars) 20J Y204, SOOALIXD [I04S R IBS 52 | - ~
1
_,7 PINYINIYS LU LBPa24yDO SOy 2P C P UOIPIIIGH) J2C5S MIIS 9/ _ Wz - BsEIOILS SO yNO O PBWINSas YIOM  OF 207 °
! 2
, ! . e ion% [ O S T i T T T -
dog 1-parnoeiss aoj a8 1 4’ ‘ o Surssorm, op 145 61 novs 08 1955 51 | &
i . ) \ © DYV X FEYIVY \MNNMu\eN:w \\gao\ g-a o ..\)o \\m opacass” o8 wdey sy .n..
A | ; < [ I i
; ; , - = I S S [ “Co IEIOSU Bt SSOYS PpUO JINPUOD SO hlﬁhbxﬂ a6y 32 @
! ! ! ’ PPACUISs Ss400 HOtr fo 4SO7  OF B0y g1 3
i ! >
: ! ! i | 3 <
' | ! Pw - 2 L2 4301@ o8 BN
' 1 # - - — ] ® PP X T Ey T L\u“ﬂ.\no&m Mvn\.\ou.-h 4O #404S OF Aiop 22 N.. o
| W 21888 wiosy pue dows Suripubensip [04S 8 FIrE Se
, _,/ 3 L pIOYS Of Bpous wiim navs PN WAEIS D
. 3 | i ‘
b h i v A § ' ﬁ * R . F VT T MHMW\\IV /0w 4o _ a _ |«
i BurvOBS Of Inp YOI yOLIB IofS PO pious 3
_ ,. / ,,, W ! | w s MBI O 440 OF of 2/0k PRINDI MNINDUI IS5 08 U L2 PIv BT Er Papey 3
' : i | = —
i ; ! X P\ B 1 ! 1 R
R P ! 3
| [ o 3
! ( H -1 o
. ‘ e «
: Vo + . ~ g
, , ! _ : x " <
,,/ . m i t = L4 ﬂ e d SRS SR
) ‘ ‘ 3 + + - — EEENE S u | N
; # , ™ [t Y A m
| _ | ' w N W
, i | | <« e 4
DR R * ] § >
. ! ! } \. Q g v
, _ 3 [ - LN * SR S
i . b Q) ~ 1
' W T | 2
, ! N ! <
f : ~ h IN ' N
| i * “ -X-4 - [ R . N W _- ;
S [~ ‘ ]

A




\

13062 CYCLES DEFAULT MU-0.516 13062 CYCLES DEFAULT MU-0.516
CONFIGURATION OF BLOCKS AFTER 13062 FORCE VECTORS AFTER 13062
CYCLES(S512HOURS) WITNOUT PINNING, CYCLES(512 HOURS) WITHOUT PINNING

SHOWING SLIPPAGE CF 3 BLOCKS

07712 CYCLES DEFAULT MU-0.516 07712 CYCLES DEFAULT MuU-0.516

, // AN B

CONFIGURATION OF BLOCKS AFTER 7712 FORCE VECTORS AFTER 7712
CYCLES (302 HOURS) WITH ASIMULATED CYCLES (302 HOURS) WITH 4 KIPS OF
ROCKBOLT APPLYING 4 KIPS OF VERTICAL VERTICAL FORCE

FORCE, SHOWING FAILURE STILL OCCURRING

08337 CYCLES DEFAULT MU-0.516 08337 CYCLES DEFAULT MU-0.516

) [ {]1

|

CONFIGURATION OF BLOCKS AFTER 8337 FORCE VECTORS AFTER 8337
CYCLES (327 HOURS) WITH SIMULATED CYCLES (327 HOURS) WITH 6 KIPS
ROCKBOLT APPLYING 6 KIPS OF VERTICAL OF VERTICAL FORCE

FORCE, SHOWING A GENERAL UPLIFT OF BLOCKS

07712
C

0833

B s T S S Y P - - M S S WA it Pl e




P S et

NOTES ON ROCK STRUCTURE

JOINT SPACINGS, ELEVATIONS, DIP AND STRIKE
WERE DERIVED FROM THE MPE X-2 CORE SAMPLES.

ONE JOINT SET DIPS 30 DEGREES TO THE
SOUTHEAST,HAS AN APPARENT DIf OF 22DEGREES
PROJECTED ONTO THIS NORTH-SOUTH SECTION,

A SPACING OF 9.8 FEET AND A COEFICIENT OF
FRICTION OF 0.5)6

THE SECOND SET DIPS 60 DEGREES TO THE
NORTHEAST, HAS AN APPARENT DIP OF 50 DEGREES,
A SPACING OF 21 FEET AND A COEFICIENT OF
FRICTION OF 0.62

ONE COMPUTER UNIT OF FORCE EQUALS
ROUGHLY TWO KIPS.

2
' PINNING

07712 CYCLES DEFAULT Mu- 0516

CENTROID COORDINATES APPLiEL_L0ADS
X CENTROID are X LOAD + O

{ Y CENTROID 325 Y LoaH + 5

l x FORCE SuM + ©

Y FORCE SuUM - |
MOM  SUM ¢ 0
3 X VELOCITY -
N 1530

Y VELOCITY - 127
ROT. VEL - 163383
]
KIPS OF FORCES AND LOADS ON SIMULATED
ROCKBOLT
08337 CYCLES DEFAULT MU-QS5)6

CENTROID COORDINATES APPLIED LOADS

X CENTROID 479 X LOAD +0

Y CENTROWD 1329 Y LOAD 46

SEQUENCE | - CROSS SECTION 2

DEPARTMENY OF THE ARMY
X FORCE SUM +0

Y FORCE SUM +3 ONP3 OF NN
MOM Sum +0
:‘ y PARK RIVER AUXILIARY CONDUIT
F%RCES AND LOADS ON SIMULATED ROCK LOAD DIAGRAM
ROCKBOLT
l.K'lPS o INTERACTIVE GRAPHIC METHOD

TEST SECYION 2

Q _ PLATE 46
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